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HEARING CHARTER 
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Undergraduate Science, Mathematics 
and Engineering Education 
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10:30 A.M.-12:30 P.M. 

2325 RAYBXmN HOUSE OFFICE BUILDING 



1. Purpose 

On March 7, 2002, the Suhcommittee on Research will hold a hearing to examine 
the current state of undergraduate mathematics, science, and engmeenng edu- 
cation. The hearing will: 

• FyamteP challenges in undergraduate science, mathematics and engineering 
education at a variety of institutional types; 

• Explore examples of undergraduate science, mathematics and engineering 
programs that address the relevant problems; 

• Discuss federal proCTams that could he developed in the future to fill cvurent 
gaps or stimulate additional change; and 

• Consider H.R. 3130, The Technology Talent Act, and gain recommendations 
on how this hill could he expanded into a more comprehensive legislative 
package to address the needs of the undergraduate mathematics and science 
education community. 

2. Background 

Workforce Challenges 

Institutions across the United States — from commumty colleges to research um- 
versities — are facing a number of challenges in recruiting and retaining ample num- 
bers of highly qualified students to majors in science, mathematics, and en^eenng. 
In addition, institutions face the challenge of tiying to ensure that all students, re- 
gardless of major or career interest, become scientifically literate members oi society 

and capable users of technology. j 4 .- ^ 4 -u 

Recent data suggest a number of important trends regarding the production oi the 
next generation of scientists and engineers. While the overall percentage ot science 
and engineering degrees as a function of the total number of degrees awarded has 
remained relatively steady across the past 35 years, certain fields have experienced 
serious declines. Student interest has shifted markedly from the physical sciences 
and mathematics to the life sciences and computer science. In addition, in a nmnber 
of technical fields, the percentage of Bachelors degrees that are awarded to foreign 

students has been steadily increasing. , . , . • • 

At the same time, the demand for jobs requiring techmcal expertise is growing, 
and inicators point to a mismatch between the supply of scientists and engineers 
in certain disciplines and the demand for them. For example, the reliance ot compa- 
nies on Hl-B visas used to hire foreign scientists— especially in the areas ot com- 
puter science, engineering and bioinformatics — suggest that cor^rate .^^enca is 
feeling the pinch of supply and demand for individuals trained m these fields. 

driven the demands of our knowledge-based economy, the U.S. needs to increase 
the number and diversity of trained scientists and mathematicians and tacilitate an 
understeuiding of basic scientific principles among non-scientists. The Nation s col- 
leges and universities are not meeting these challenges. Some believe it is the 
tutional structure of these institutions that is to blame, citing examples such as the 
tenure system and its emphasis on rewarding research over teaching at many col- 
leges and universities. Others cite a lack of attention or funding for education at 
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the undergraduate level. Still others believe faculty culture and historical practice — 
such as the use of large introductory lecture classes or the use of teaching assistants 
instead of professors to teach courses — ^are the chief culprits. There are as many 
opinions as there are faculty, students and administrators, but in this hearing we 
will examine successful models of undergraduate education and highlight key ele- 
ments of effective programs. 

Lack of preparation of students at the high school level 

While not a focus of this hearing, national results of student performance on high 
school science and mathematics assessments clearly suggest that there are simply 
too few students with the mathematical or anal 3 rtical skills necessary for college- 
level math and science coursework. According to a 1996 study conducted by the Na- 
tion^ Center for Education Statistics, 30 percent of all incoming college freshmen 
reqmire some form of remedial coursework to prepare them for college-level math 
and science courses. Currently, all. of the Nation’s co mmuni ty colleges and 81 per- 
cent of four-year higher education institutions offer remedial courses to students. 
Because students who require remedial education are less likely to consider majors 
that require mathematics prerequisite courses — such as majors in the physical, en- 
gineering and computer sciences — ^lack of preparation at the high school level clearly 
plays a role in many students’ decisions not to choose a technically based major. 

A number of legislative proposals aimed at addressing this problem are in various 
stages of the legislative process. H.R. 1858, the National Mathematics and Science 
Partnership Act, was passed imanimously through the Science Committee and was 
adopted without dissent by the House last year. A Senate companion to H.R. 1858, 
offered bySenators Rockefeller, Roberts, and Kennedy, S. 1262, awaits action in the 
Senate. The Senate companion also includes another House bill, H.R. 100, which 
was authored by Rep. Ehlers and also adopted imanimously by the House. Finally, 
H.R. 1, the No Child Left Behind Act, was signed into law last year by President 
Bush, and contains provisions aimed at addressing shortcomings in K-12 math and 
science education. 

Past Science Committee hearings have focused on the critical issue of improving 
science and mathematics education at the K— 12 level. This hearing focuses on the 
next step — ^undergraduate education in these disciplines. What follows is a summary 
of perceived problems and potential solutions — ^some largely untested, others in 
practice for years. 

The Tech Talent Act — discouraging the ‘weeding ouf of potential science majors 

St£^ord Economist Paul Romer, in a 2000 paper entitled Should the Government 
Subsidize Supply or Demand in the Market for Scientists and Engineers?^ proposed 
that it is the traditional ‘weeding out’ process in science, mathematics and engineer- 
ing departments — ^not a lack of interested students — that is largely responsible for 
the oirrent shortfall of undergraduate majors in science, mathematics, and engi- 
neering. Romer asserts that U.S. colleges and universities have institutionalized a 
culling process, implemented through tough grading policies and a survivalist men- 
tality in introductory courses, that eliminates a large percentage of students who 
were once interested in science and engineering. Rooted in long tradition, the exclu- 
siona^ mindset of science and engineering departments has become part of the in- 
stitutional culture that, along with intense pressure for faculty research produc- 
tivity, has led to the costly loss of talent and diversity in the scientific enterprise 
due to student attrition. 

While few can disagree that science and engineering programs are highly selective 
in nature, not everyone accepts Romer’s premise regarding the cause of this selec- 
tivity — that this weeding out process is simply the institution’s way of holding down 
costs. Romer’s proposed remedy to this problem is, in essence, to provide financial 
incentives — ^federal funding — to universities that agree to turn out more scientists 
and engineers. A Canadian program that provides incentives to Ontario universities 
for each new computer science and engineering student they educate appears to be 
successful — the participating institutions have seen a collective increase in enroll- 
ment of 145 percent for engineering students and 180 percent for computer science 
students since the program was implemented. 

H.R. 3130, the Technology Talent Act, which was introduced last fall by Chairman 
Boehlert, along with origin^ co-sponsors Mr. Larsen, Ms. Hart, Mr. Honda, and Mr. 
Udall, builds on the Romer proposal. (The bill is identical to its Senate companion, 
S. 1549, which was introduced by Senators Leiberman, Bond, Domenici, Frist, and 
Mikulski.) It authorizes $25 million for FY02 and such sums as necessary for the 
succeeding years to create a competitive ^ant program at the National Science 
Foimdation (NSF) that would provide funding and rewards to institutions that de- 
velop creative and effective recruitment and retention strategies that bring more 
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students into science, mathematics, and engineering I^oyided 

$5 million in FY02 for a pilot program based on the Tech Talent bill, the bcience. 
Technology, Engineering and Mathematics Talent E^^ansion Program (oTEP), the 
FY03 budget request includes $2 million for continuation of the program. 



Improving curricula and faculty training 

Another explanation for the 50 to 60 percent attrition rates seen at many univer- 
sities for first-year students who declare an interest in science majors but later 
switch to non-scientific fields is that curricula and teacl^g at the mdeip-aduate 
level are to blame. Elaine Seymour, a research associate in the Department ot soci- 
ology at the University of Colorado, Boulder, suggests that lack of student mterest 
in these fields is often due to “appalling teaching’ that is a residt of poor cumc^a 
and teacher training. However, a number of institutions — otou led by one or a tew 
dedicated faculty members— have sought to address this problem head-on, by engag- 
ing in extensive curriculum reform efforts aimed at improving undergraduate in- 
struction through curriculum revisions or faculty training. j x j 

Project Kaleidoscope (PKAL) has been an innovator m the undergraduate edu- 
cation reform movement. PKAL began in 1989, with support from the National 
Science Foundation, when academicians from a number of different institutmns met 
to outline an agenda for the reform of science and mathematics at liberal mxs insti- 
tutions. PKAL’s charge evolved to include the identification and dissemination ot 
successful practices that transform the learning enviromnent in college ^d univer- 
sity science and mathematics departments, and to build national networks wortong 
toward that end. Over its 10-year history, PKAL has attracted additional funds from 
the National Science Foimdation, the Howard Hughes Medical Institute, and a mun- 
ber of private and corporate foundations. PKAL disseminates information— through 
workshops, institutes, and publications— about working models to strengthen stu- 
dent interest and success in science. PKAL is now engaged in a new em^asis on 
catalyzing transformation at the institutional level, wherein institutions that have 
demonstrated accomplishment in improving undergraduate saence ^d mathe- 
matics education over the past five years — by weaving science, naatnematics and en- 
gineering education into their strategic plan, implementing poliaes and practices 
that reward faculty for teaching excellence and scholarly activity, ^d creating up- 
to-date facilities that enable research-rich learning environments for students, tor 
example — ^would expand these efforts across mydtiple science, mathematics, or engi- 
neering disciplines both for majors and non-majors. . j . • 

The National Science Foundation supports a host of programs aimed at improving 
undergraduate curricula, facilities, ana faculty performance. Undergraduate saence, 
mathematics, and engineering education activities are supported pof only by the 
Education and Human Resources (EHR) Directorate, but also by inividu^ research 
directorates. Primarily, however, funding for undergraduate ed^ation reform ^™es 
from the Division of Undergraduate Education (DUE) in the EHR Ehrectorate. ^^le 
the FY 2002 budget for DUE totaled $142.41 million, the FY 2003 IVesident s budg- 
et request cuts funding for DUE by 4.8 percenir-down to $135.60 milhon, A descrip- 
tion of current programs operated by DUE can be found in Appendix A. j j-x- 

Private sector efforts to improve undergraduate teaching and curricula. In ^dition 
to programs offered by NSF, private-sector foundations, such as the Howard Hughes 
Mescal Institute (HHMI) and the ExxonMobil Foundation, also sponsor pro^ams 
aimed at improving imdergraduate education in the sciences. T^geted mostly to- 
ward the biological sciences or interdisciplinary programs hnkmg biology wth other 
sciences, HHMI will provide, in 2002, $80 miUion in grants to research and doctoral 
universities and $50 milhon to bachelor’s and masters degree granting institutions 
(primarily independent hberal arts coUeges). The purpose of these grants is to 
strengthen undergraduate science education and respond to the recent simges in un- 
dergraduate enrollments in the biological sciences, as well as to fbe rapid advmces 
in molecular biology, genetics and related life sciences. ExxonMobil, through its 
Project NExTNew— Experiences in Teaching— provides a number of opportumties 
for new or recent Ph.D.s in the area of mathematical sciences who are interested 
in improving the teaching and learmng of undergraduate mathematicians. 



Engaging undergraduates through research projects 

A popular model for undergraduate education reform, following largely in the foot- 
steps of K-12 education reform, involves the integration of hands-on leanung m col- 
lege-level course work. It is believed that when students partianate in the 
world of science — by working with research faculty or graduate students during the 
academic year or summer months— they experience the joy of discovery, develop 
higher-order cognitive skills, and are attracted to careers m science that, perhaps, 
they had never even considered before. 
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A recent survey of 136 liberal arts colleges found that the number of students en- 
gaged in research has risen by 70 percent in the past decade. Research universities 
have always included their best students in undergraduate research opnortunities, 
but like their independent college coimterparts, these institutions are looking for 
new ways to include more students — including non-majors — in some aspect of sci- 
entific research. Non-research campuses are also jurnping on the research band- 
wagon by partnering with research institutions that offer summer research experi- 
ences to students. 

Including undergraduates in research programs is especially difficult in large re- 
search universities where thousands of students earn degr^s each year and where 
graduate students and post-doctoral fellows have priority in laboratory placement. 
At many undergraduate institutions there are no research facilities, and scant budg- 
ets to afford supplies or instrumentation. Some institutions are finding novel ways 
to provide research experiences to students that deviate from the traditional model 
of having a student work in a single professor's laboratory, such as summer re- 
search programs and those that involve partnerships with other institutions. 

The ^search Experiences for Undergraduates (REU) program is an NSF program 
that supports under^aduate research opportunities. TTurough this program, profes- 
sors can either supplement their current NSF research grants with funds intended 
to support a few undergraduate students in their laboratory, or may seek funding 
to estaolish independent REU sites that support a number of students in a variety 
of research activities during the summer months. Many past students supported by 
the program report their REU experience as being pivotal to their decision to pursue 
graduate education, and faculty involved in the program are equally enthusiastic 
about it. However, a June 2000 report by SRI International found that REU pro- 
grams, for the most part, have not developed ways to adequately measure the out- 
comes or success of the program. 

The pressure on faculty at institutions that traditionally focused primarily on 
teaching to develop productive research programs has intensified enormously. While 
this new emphasis on research has opened up opportunities for students to engage 
in hands-on learning about science, the burden on faculty to develop a success^ 
research pro^am — including obtaining research grants and publishing results — on 
top of extensive teaching demands is sizable. NSFs Faculty Early Career Develop- 
ment (GAINER) program is aim ed at addressing the needs of these professors. CA- 
REER awardees are selected based on their ability to effectively integrate research 
and education within the context of their institution's mission. 

Addressing under-represented populations in science, mathematics, and engixieering 

According to the National Science Foundation, only a third of the minority stu- 
dents who begin pursuing the sciences wind up graduating with a science or engi- 
neering degree. Women earn less than 11 percent of the engineering degrees and 
only 24 percent of the degrees in the physical sciences. And even in the life sciences, 
where the number of women and men earning advanced degrees is nearly equal, 
women hold only 19.1 percent of the faculty positions in research universities. Clear- 
ly, the shortage of students entering technical fields would largely be reversed were 
women, minorities, and other popmations currently imder-represented in mathe- 
matics, science, and engineering to achieve parity. 

NSF, in the Division of Human Resource Development within the EHR Direc- 
torate, has a number of programs aimed at increasing the participation of under- 
represented students in science including the Louis Stokes Alliances for Minority 
Participation Program ($26.53 million), the Historically Black Colleges and Uniyer- 
sities-Undergraduate Program ($13.97 million), the Tribal Colleges and Universities 
Program ($9.98 million), the Program for Gender Equity ($10.96 million), and the 
Program for Persons with Disabiuties ($5.38 million), to name a few. Beyond that, 
the ADVANCE pro^am is a crosscutting program that aims to increase the number 
of women in all fields of science and engineering. Since 1995, the Division of Envi- 
ronmental Biology has offered the Undergraduate Mentorships in Environmental Bi- 
ology program, which is aimed at encouramng the participation of imder-rep- 
resented groups within the environmental bimogy field. This program supports re- 
search experiences for imdergraduate students who work closely with their faculty 
mentors across a period of several years including the academic year and intensive 
summer experiences. 

Tapping the Community College student population 

More than 1,100 co mmuni ty colleges serve more than 10 million students across 
the United States, including 25 percent who already hold a bachelors degree or 
higher. Almost hafr of all furat-year college students begin their work with commu- 
nity colleges. And with a tradition of open door a dmi ssions, low tuition, flexible pro- 
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gramming, customized student services, and quality of leanung opportumties, com- 
munity colleges continue to be the pathway to higher education for minority in- 
dents. Overall, 46 percent of all African American students, 55 percent ot all His- 
panic students, and 55 percent of Native American students in higher education at- 
tend community colleges. In addition, more than half of commumty college students 
are first-generation students. 

NSF, through the Advanced Technological Education Program— which was cre- 
ated by Congress in 1992 (P.L. 102^76)— has funded over 200 commumty-college 
focused projects including 12 National and 3 Regional Centers of Excellence m areas 
ranging from information technology to environmental technology ^^d bio- 
technology. In addition to supporting programs aimed at the production ot a lugtily 
trained techniced workforce, the ATE program also supports articulation partner- 
ships that connect two-year colleges with 4-year institutions, especially in those pro- 
grams that support the preparation of future teachers. Over 40 percent of ^1 teach- 
ers, and potentially an even higher percentage of primary teachers, receive much 
of their science and mathematics education at community colleges. Given the mpact 
that the ATE program has had on enhancing programs, courses and facilities dedi- 
cated to the needs of training technicians at commumty colleges, it only makes 
sense that an equal investment in the core academic coimses at commumty colleges 
will increase the number and quality of students especially under-represei^d stu- 
(jents — who enter the science, engineering and mathematics education and career 
pathway. 

3. Witnesses 

The following witnesses will address the Subcommittee. (For a more detailed de- 
scription of the issues each witness is expected to address, see Appendix B.) 

• Dr. Steven Lee Johnson, Provost and Chief Operating Officer, Sinclair College, 
will address issues related to science and mathematics programs at commu- 
nity colleges and serve as a representative of the League for Innovation in 
the Community Colleges. 

• Dr. Daniel Wubah, Professor of Biology, James Madison University, will dis- 
cuss programs that are particularly successful in identi^ng and supporting 
talented students— including non-traditional and under-represented stu- 
dents— in science, mathematics and engineering at comprehensive colleges 
and universities. 

• Dr Narl Davidson, Professor of Mechanical Engineering and Interim De^ of 
Engineering, Georgia Institute of Technology, will discuss Geor^a Techs ef- 
forts to cultivate talent among women and minorities m engineering. 

• Dr Kathleen Howard, Assistant Professor of Chemistiy, Swarthmore College, 
will speak to the challenges that new faculty members face m trying to juggle 
the demands of research and teaching. 

• Dr Carl Weiman, Distinguished Professor of Physics and Nobel Laureate, 
University of Colorado-Boulder, will t^k about his work m the area ot engag- 
ing students — including non-majors — in physics through the development ot 
lecture-based teaching methods that actively engages students. 

Appendix A 

NSF programs within the Division of Undergraduate Education 

• National Science, Technology, Engineering and Mathematics (STEM) Edu- 
cation Digital Library— lays the foundation for a national resource to increase 
the quality, quantity and comprehensiveness of Internet-based ol EM edu- 
cation resources while creating virtual learning commumties that hnk stu- 
dents, teachers, and faculty with each other and wth a wide array ot edu- 
cational materi^s and learning tools. ($23.6 million) 

• The NSF Director’s Awards for Distinguished Teaching Scholars— seeks t^m 
gage faculty who bring the excitement and richness of discovery within olE 
fi^ds to all students. ($1.51 million) 

• Assessment of Student Achievement in Undergraduate Education— supports 
assessments of undergraduate student performance and program quality, and 
provides frameworks and measurable indicators for student academic learn- 
ing outcomes and the quality of department and institutional environments 
in support of student learning. ($3.0 milhon) 

• Course, Curriculum, and Laboratory Improvement— strengthens NSFs efforts 
to assure access to a high quahty STEM education for all students by focusing 
on the identification, development, adaptation and implementation of exem- 
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plary curricular and laboratory educational materials and instructional mod- 
els. ($45.63 million) 

• Robert Noyce Scholarship Program — ^will be initiated t^s year, in response to 
H.R. 1858 (Boehlert, Ni (R)), to offer scholarships for jimiors and seniors who 
are majoring in mathematics, science or engineering; and stipends for science, 
mathematics or engineering professionals seeking to become teachers. ($5 mil- 
lion) 

• STEM Talent Expansion — will be initiated this year to support initial plan- 
ning and pilot efforts at colleges and imiversities to achieve an increase in 
the number of U.S. citizens and permanent residents pursuing and receiving 
associates or bachelors degrees in established or emerging STEM fields. ($5 
million) 

• Federal Cyber Service: Scholarships for Service — seeks to build a cadre of in- 
dividuals in the federal sector with the skills needed to ensure protection of 
the Nation’s critical information infrastructure. ($11.18 million) 

• Advanced Technological Education — supports improvement in technician edu- 
cation by supporting, particularly at two-Year colleges and secondary schools, 
the design and implementation of new curricula, courses, laboratories, edu- 
cational materials, opportunities for faculty and student development, and 
collaboration among educational institutions and partners from business, in- 
dustry and government. ($38.16 million) 

• STEM Teacher Preparation (STEMTP) — is the Foundation’s principal effort to 
strengthen the STEM content knowledge and pedagomc skills of prospective 
K-12 teachers in preparation for the delivery of standards-based instruction. 
($6.52 million) 

• Computer Science, Engineering and Mathematics Scholarships Program — is 
the activity, under P.L. 106-313, that provides merit-based scholarships for 
up to two years to students who have demonstrated financial need ana who 
are enrolled in an undergraduate or graduate degree program in one of the 
listed disciplines. ($55,04 million estimated this program is funded through 
Hl-B Non-immigrant Petitioner Fees). 

Appendix B 
Witnesses 

Dr, Steven Lee Johnson, Provost and Chief Operating Officer, Sinclair College. 
Sinclair Community College has been one of the leading NSF-funded 2-year colleges 
across the past decade and has also been a leader in meeting workforce needs in 
iifformation technology, manufacturing technology and engineering. In addition to 
discussing the inmact of NSF-funded programs at Sinclair College, he will discuss 
the work of the League for Innovation in the Community College to advance the 
community college agenda nationally. Dr. Johnson will address problems community 
colleges face in securing funding for their core academic and transfer programs, in 
facilitating faculty development in a non-research intensive environment, and in 
finding support for the dissemination of good models and practices across the Na- 
tion. 

Dr. Daniel Wubah, Professor of Biology, James Madison University 
Dr. Wubah will discuss programs that axe particularly successful in identifying and 
supporting talented students — including non-traditional and under-represented stu- 
dents — in science, mathematics and engineering at comprehensive colleges and uni- 
versities. Dr. Wubah wiU discuss the unique challenges comprehensive under- 
^aduate institutions face in 1) competing with research and selective liberal arts 
institutions for fiinding because of the hmited resources on undei^aduate cam- 
puses; 2) encouraging students to participate in research when facilities are limited 
and few faculty have established research programs; 3) educating students about 
their career options and higher education options in science, math and engineering; 
4) dealing with the unique needs of non-traditional students, commuter students, 
working students, and first-generation college students (who represent a wealth of 
untapped talent). Dr. Wubah will highlight the importance of mentoring in recruit- 
ing talent at con^rehensive undergraduate institutions and his own successes 
through the NSF Research Experiences for Undergraduates program and the NSF 
Undergraduate Mentoring in Environmental Biolo^ program. Dr. Wubah will dis- 
cuss the need for additional programs or targeted program components — both in 
NSFs Division of Undergraduate Education and the Division of Graduate Edu- 
cation — that recognize the unique opportunities and challenges of comprehensive 
undergraduate institutions and the students enrolled at those institutions. 
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Dr. Narl Davidson, Professor of Mechanical Engineering and Interim Dean of Engi- 
neering, Greorgia Institute of Technology 

(Jeorgia Tech has been a leader in cultivating talent among women and mmorities 
in engineering. Georgia Tech has adopted the pl^osophy of cultivaUng talent among 
those students who express an interest in engineering as opposed to weeding out 
interested students in hope of finding better talent elsewhere. This ^tness mil 
speak to the need for programs that support the Romer model of cidtivatmg ^ 
talent you have” rather than discouraging students by a highly selective cuUmg^ 
model. 

Dr. Kathleen Howard, Assistant Professor of Chemistry, Swarthmore College 
Dr. Howard will speak to the challenges that new faculty membep face in ti^g 
to juggle the demands of research and teaching. Dr. Howard, a recipient ot an Wor 
Career award, will discuss her efforts to engage undergraduate students— trom 
freshmen to seniors— in undergraduate research in her classes and her laboratones. 
Dr. Howard will discuss the impact that HHMI funding has had m sbmulatmg 
interdisciplinary, institutional transitions toward undergraduate research-based cur- 
ricula and programs. Swarthmore has been a leader in producing graduate students 
who go on to win graduate teaching assistant awards at research-mtensive umver- 
sities Dr. Howard will discuss her thoughts on why Swarthmore students become 
such strong teachers, themselves, and will also discuss the impact that careful 
tracking of students beyond graduation has had on the instructional program at 
Swarthmore. ^ 

Dr. Carl Weiman, Distin^shed Professor of Physics and Nobel Laureate, Univer- 
sity of Colorado-Boulder 

Dr. Weiman, winner of the NSF Distinguished Teaching Scholar award, smd Nobel 
Prize winner for physics will talk about his work in the area of enga^g studente— 
including non-majors— in physics through the development of lectwe-based teachmg 
methods that actively engage students. Dr. Weiman will discuss the difficulties fac- 
ulty face in implementing novel pedagogical strategies because of student resistmce 
to techniques with which, they are u nf a mi liar and admimstrators msMs to keep 
students nappy. Dr. Wieman will discuss the importance of making instruction rel- 
evant to the daily lives of students ^d the need to make courses more attractive 
to students while maintaining their rigor and content delivery. 





10 



Chairman Smith. The Subcommittee on Research will come to 
order. Today, this Subcommittee meets to discuss improvements in 
imdergraduate math and science education and how the Federal 
Government, particularly, in the National Science Foimdation, can 
assist in these efforts. 

I think the challenges before us are not exactly clear, except that 
we want to improve. If we want to maintain our competitive edge 
in the world, we have to do a better job, it would seem to me, of 
preparing ah students to have a better imderstanding of the new 
technology in this new age and new world that we live in and, of 
course, better preparing our students for careers in science, and 
mathematics, and engineering, and technology. 

Think for just a moment about the war situation we are in today, 
and it is going to be our research efforts that are not only going 
to develop the new smart weapons, but it is also going to be these 
science and math students in our research efforts that are going to 
develop the tools, and the new computers, and the new technologies 
that are going to assist us in the research that is going to develop 
how we can have better national security, number one, and cer- 
tainly, how we are going to stay on the cutting edge of competitive- 
ness in a world market that is becoming increasingly challenging 
in terms of other countries trying to move ahead as we move from 
the industrial age into the information technology age. 

I think we must improve our science and math education pro- 
grams so that we can meet these challenges. It is critical in so 
many ways. We know that much math and science education prob- 
lems that we are facing take root in the K through 12 school sys- 
tem that has lacked in exciting individuals into the math and 
science career. We had a Subcommittee hearing last year, and I 
asked the witnesses, to the extent that education in K through 12 
is more the filling of a container — is less the filling of a container 
and more the lighting of a fire in terms of interest, in terms of not 
being fearful of math and science, where does that fire, when is 
that fire lit, and three out of the five suggested that probably it 
starts at home, maybe at four years old, but certainly, in kinder- 
garten through 3rd grade and in school. And so to what extent 
should we be interested in college of doing a better job of devel- 
oping ways that can excite and light that fire with yoimg people, 
and then as these yoimgsters move through the 5th through the 
12th grade, how do we maintain the kind of quality teacher with 
enough experience that they can keep that fire lit until they get to 
the subject that we are talking today, how do we do a better job 
once they get to the college arena. 

Consistent with this, the House has already passed last year 
H.R. 1858, a bill authorizing NSF to build partnerships for im- 
proved cooperation between high schools and universities so that 
students are better prepared for college math and science cur- 
riculum. This le^slation has received funding as a component of 
the President’s significant education reform initiatives. 

And I think that means that we are off for a vote, one vote, 
shortly. 

Consistent with those initiatives, we are now beginning to exam- 
ine how we can improve undergraduate math and science edu- 
cation. To do this, we must first determine exactly where the prob- 
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lems lie. Today’s hearing is intended to do just that, as well as con- 
sider potential solutions to these problems so that we can work to- 
ward legislation to improve undergraduate math and science edu- 

We have a very esteemed panel of witnesses before us today with 
some innovative ideas and opinions on how to best bring about 
meaningfol reforms. They represent an assortment of umv^sity 
systems from large public research universities to private liberal 
arts colleges, including the 2-year community colleges. I ^ticipate 
that each of you will provide a unique viewpoint into the challenges 
in math and science education, and I hope, I expect, we will discuss 
a wide variety of issues. I certainly want to thank you for being 
here and taking time out of what I am sure is your busy schedules. 
And with that, let me )deld to Mrs. Johnson. 

[The prepared statement of Chairman Smith follows:] 



Prepared Statement of Chairman Nick Smith 



Today the House Science Subcommittee on Research meets to ^srass the im- 
provement of undergraduate math and science education and how the r ederal L^v- 
eminent in particular the National Science Foundation, can assist in these etiora. 

The challenges before us are clear. If we want to maintain our competitive edge 
in the world, we have to do a better job of preparing our students for careers in 
science, mathematics, engineering, and technology. Think for just a moment about 
the war situation we are now in: todaj^s engineering students will be designing to- 
morrow’s military planes and smart bombs; todaj^ s biology students wll be sequenc- 
ing biological weapons and generating vaccines for them; and todajTs computer 
science students will be securing our computer and networking infrastructure 
against cyber attacks. We must improve our science and math education programs 
so that we can meet these challenges. It is critical to our economic security, and 

it is critical to oiu* national security. . 

We know that much of the math and science education problems we are tacing 
take root within a K-12 school system that is woef^y ineffective at prepanng stu- 
dents to pursue math and science majors. The Science Committee, ^d this oui^ 
committee in particular, has worked extensively at impro^ng K--12 math and 
science. Last year, the House passed H.R. 1858, a bill authorizing NSF to bmld 
partnerships for improved cooperation between high schools and univers^es so that 
students are better prepared for college math and science ciimculum. This legisla- 
tion has received funding as a component of the President’s significant education re- 
form initiatives. , . . .l • u 

Consistent with those initiatives, we are now beginmng to examine how we can 
improve undergraduate math and science education. To do this, we must first deter- 
mine exactly where the problems lie. Today’s hearing is intended to do just that, 
as well as consider potential solutions to these problems so that we can work toward 
legislation to improve undergraduate math and science education. 

We have a very esteemed panel of witnesses before us today with some irmovative 
ideas and opinions on how to best go bring about meaningful reforms. T>ey rep- 
resent an assortment of university systems, from large pubhc research umversiries 
to private liberal arts colleges to the two-year commumty colleges. I anticipate that 
each will provide a unique viewpoint into the challenges in math and science edu- 
cation and I expect we will discuss a wide variety of issues. I want to thank the 
panelists for appearing before us today, and I look forward to your testimony. 



Ms. Johnson. Thank you very much, Mr. Chairman. I am very 
pleased to see our witnesses and I would like to join you in wel- 
coming them, and I think that this is a very, very important hear- 
ing, trying to explore ways to improve undergraduate science, 
math, engineering, and technology education, or science education, 

for short. , 

I see this hearing as addressing two important issues: how we 
attract and retain more students from all backgrounds in associate 
and baccalaureate degree programs in these fields, and how do we 
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ensure that £ill undergraduate students receive a quality education 
experience in their science courses regardless of the clear path 
which they choose. A serious concern about undergraduate science 
education, which provides a strong motivation for this hearing, is 
the perception that too few students are moving toward careers in 
science and technology. The trend for the future is for flat or de- 
clining numbers of students in these fields and it is really essential 
for our economy. 

Also, the title of the hearing suggests our interest in the condi- 
tion of undergraduate science education is tied to the reality that 
technology infiises more and more aspects of our daily life. So it re- 
quires that all students receive a basic groimding in science and 
math to function in this increasingly complex world and to lead ful- 
filling lives. 

Today, we hope to hear from you who are here about what you 
have to offer in 2-year colleges, primarily, imdergraduate univer- 
sities, comprehensive universities, research universities, as well. I 
am interested in the witnesses’ assessment of the current state of 
undergraduate science education experiences regarding efforts to 
make these improvements. I am also very concerned about how we 
get the teachers well educated and trained in these areas and keep 
them in the teaching profession. 

So the basic question today is what works, what are the condi- 
tions necessary for success? And I hope to hear what barriers and 
impediments exist in improving undergraduate education. In par- 
ticular, what kinds of Federal programs have proven to be helpful 
or not helpful in bringing about reform. 

Thank you, Mr. Chairman. I am going to ask that my entire 
speech be placed in the record. 

Chairman Smith. Without objection. 

Ms. Johnson. Thank you very much. 

[The prepared statement of Ms. Johnson follows:] 

Prepared Statement of the Honorable Eddie Bernice Johnson 

I am pleased to join the Chairman in welcoming our witnesses to today’s hearing 
on exploring ways to improve undergraduate science, math, engineering and tech- 
nology education — or science education, for short. I see this hearing as addressing 
two important issues: how do we attract and retain more students from all back- 
grounds in associate and baccalaureate degree programs in these fields, and how do 
we ensure that aU undergraduate students receive a quahty education^ experience 
in their science courses, regardless of the career path they choose. 

A serious concern about undergraduate science education, which provides a strong 
motivation for this hearing, is the perception that too few students are moving to- 
ward careers in science and technology. The trend for the future is for flat or declin- 
ing numbers of students in fields that are essential to the economy. 

Also, as the title of the hearing suggests, our interest in the condition of under- 
graduate science education is tied to the reahty that technology infuses more and 
more aspects of daily life. This requires that aU students receive a basic grounding 
in science and math to function in an increasingly complex world and to lead ful- 
filling fives. 

Today, we will hear from those who are engaged in undergraduate education in 
a range of educational settings — two-year colleges, primarily undergraduate univer- 
sities, comprehensive universities, and research universities. I am interested in the 
witnesses’ assessment of the current state of undergraduate science education and 
in their ejqieriences regarding efforts to make improvements. 

The basic questions today are what works, ana what are the conditions necessary, 
for success? I hope to hear what barriers and impediments exist in improving under- 
graduate education, and in particular, what kinds of federal programs have proven 
to be helpful — or not helpful — in bringing about reform. Naturally, the Sub- 
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committee would be interested in your comments on the value of NSF-sponsored 
programs, and on any recommendations you may have for ways to improve the re- 
cruitment and retention of students in the science degree track. 

A major goal of efforts to improve science undergraduate education must be to in- 
stitute policies and programs that will tap the human resource potential of individ- 
uals from groups under-represented in science and technology. Simple demographic 
trends make clear the importance of increasing participation rates of women and 
minorities in meeting workforce needs of the future. This is particularly true for at- 
tracting individuals to careers in the physical sciences and engineering. I know 
some of our witnesses have been engaged in programs that address this issue, and 
I look forward to learning more about them. 

Mr. Chairman, I want to thank you for convening this hearing on this important 
subject. I appreciate the attendance of our witnesses today, and I look forward to 
our discussion. 

[The prepared statement of Mr. Larson follows:] 

Prepared Statement of Representative John B. Larson 

Thank you, Mr. Chairman, for convening this hearing today. 

It is no secret that America has long recognized that its long-term strength and 
security, and its ability to recover and sustain high levels of economic growth, de- 
pends on maintaining its edge in scientific achievement and technological innova- 
tion. Biomedical advances have permitted us to live longer, healthier, and more pro- 
ductively. Advances in agricultural technology have permitted us to be able to feed 
more and healthier people at a cheaper cost, more efficiently. The information revo- 
lution can be seen today in the advanced instruments schools are using to instruct 
our children and in the vast information resources that are opened up as a result 
of the linkages created by a networked global society. Our children today can grow 
up to know, see, and read more, be more diverse, and have more options in their 
lives for learning and growing. Other emerging technologies — such as 
nanotechnology — have untold potential to make our lives more exciting, secure, 
prosperous, and challenging. 

Many countries also recognize this and they, therefore, focus their industrial, eco- 
nomic, and security policies on the nurturing and diffusion of technological advance- 
ment through all levels of society in a deliberate fashion. Countries that follow this 
path of nurturing innovation focus a lot of their efforts into recruiting and training 
the very best engineers and scientists, ensTiring that a pipeline which pumps tal- 
ented and imaginative minds and skills is connected to the needs of the country’s 
socioeconomic and security enterprise. 

Yet here in this country, this pipeline is broken, threatening the competitive edge 
we enjoy in the business of technological innovation. Fewer and fewer Americans 
are getting degrees in scientific and technical fields — even as the demand ^ows. For 
example, the number of bachelors degrees awarded in math, computer science, and 
electrical engineering has fallen 35 percent and 39 percent respectively from their 
peaks in 1987, at a time when tot^ BA degrees have increased. The number of 
graduate degrees in those fields has either fallen noticeably or stayed flat. And only 
about half of all engineering doctoral degrees granted in the U.S. are earned by 
Americans. 

The Nation has dealt with tins crisis in the recent past by expanding the Hl- 
B Visa program to let more foreign residents with science and engineering degrees 
enter the country. But the Hl-B program was never intended to be more than an 
interim solution. The long-term solution has to be ensuring that more Americans 
get into these fields. 

For these reasons last year along with House Science Committee Chairman Sher- 
wood Boehlert, and Representatives Melissa Hart, Mark Udall, and Mike Honda, I 
introduced the Tech T^ent Act, H.R. 3130, aimed at increasing the number of sci- 
entists, engineers, and technologists in the United States. Senators Joseph 
Lieberman (D-CT), Christopher Bond (R-MO), Barbara Mikulski (D-MD), Bill Frist 
(R-TN), and Pete Domenici (Rr-NM) introduced a companion bill in the Senate. 

This legislation addresses the tech worker shortage by establishing a competitive 
grant program at the National Science Foundation that rewards universities and 
community colleges that pledge to increase the number of U.S. citizens or perma- 
nent residents obtaining degrees in science, math, engineering and technology 
(SMET) fields. The pilot program, which will award three-year grants, is authorized 
at $25 million in the next fiscal year, with funding expected to increase if the initial 
results are encouraging. 
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It always pays to be mindful of the fact — especially in the wake of the September 
11 events — that there is a strong £ind tight linkage between our national security 
£ind the level of science and technology proficiency in America. Our strength and 
leadership in the world is based on the might of our defense, strength of our econ- 
omy, £ind the quality of our education system. Without any one of these three com- 
ponents the global preeminence of the Nation suffers. 

In the House Science Committee room there is a inscription: Where there is no 
vision, the people perish. To remain a strong nation, we must ensure that the single 
most important element that keeps us dynamic, innovative, prosperous, £uid se- 
cure — and therefore mighty — is there for us: our students, teachers, researchers, en- 
gineers, scientists, and technologists. In short, we need more people with vision. 
This bill will keep them coming. 

I believe this bill represents £in inmortant first step in our efforts to spur euiew 
the interest of our youth in selecting fields that will propel the future gro^h of this 
country. I look forward to hearing the witnesses^ ideas on how we can build on this 
bill and ensure that we meet the goal of enhancing our nation’s technology work- 
force. 

Thank you. 

Chairman Smith. We will recess. The bell and beepers meant 
that we have a vote on. It will take us probably eight minutes to 
go over and vote and retiim. I understand there is one vote. So 
with that, the Committee is in recess. 

[Recess.] 

Chairman Smith. The Subcommittee on Research will resume, 
and I will start out by introducing our esteemed panelists. Dr. Carl 
Wieman is a Ph.D., Distinguished Professor of Physics, recipient of 
the 2001 Nobel Prize in Physics, from the University of Colorado 
in Boulder. Dr. Kathleen Howard is an Assistant Professor of 
Chemistry at — how do I say it — Swathmore. I am sorry, I am just 
a Midwesterner. Dr. Steven Lee Johnson, Provost and Chief Oper- 
ating Officer of Sinclair Community College in Dayton, Ohio. I can 
pronounce that. And Dr. Narl Davidson, Professor of Mechanical 
Engineering and Interim Dean of Engineering at Georgia Tech. So 
to all of you, welcome. 

And as our panelists may know, the spoken testimony is limited 
to five minutes and then after that, each member will be given five 
minutes to ask questions, and we will decide when we finish the 
first round whether to have a second round of questions. Dr. 
Wubah, excuse me. Dr. Wubah is Professor of Biology at James 
Madison University. Dr. Wieman, we will start with you. Your mic 
might not be on. 

STATEMENT OF CARL E. WIEMAN, PH.D., DISTINGUISHED PRO- 
FESSOR OF PHYSICS, RECIPIENT OF THE 2001 NOBEL PRIZE 

IN PHYSICS, UNIVERSITY OF COLORADO, BOULDER 

Dr. Wieman. Thank you. Chairman Smith and Representative 
Johnson, for the chance to testify on this important issue. I think 
that the broad and objective science, math, and engineering edu- 
cation that you are interested in can be done, but you have to un- 
derstand that it is really a new educational role, particularly, for 
the departments in large research universities that I am familiar 
with, and so that makes it to a large extent a cultural problem. It 
is going against the academic traditions and structures that have 
developed over more or less 500 years, and that makes change dif- 
ficult. Not all faculty accept this new goal. And another problem is 
that it actually works quite well for cloning new faculty, but that 
obscures the fact that it is a failure for many other students, par- 
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ticularly, those who come from groups which aren’t traditionally 
have a large presence in these fields. 

Now, looking at H.R. 3130, I was asked to comment on, it looks 
to me like this is an excellent start. It focuses on key issues. I 
would have added that you should look for widespread support 
within the departments and the administration and more dissemi- 
nation to peer institutions. And then, finally, let me turn to some 
of the big challenges faced with individual faculty in making 
changes. 

You are really fighting tradition here and that is the main thing. 
And it is tradition represented by other faculty and the students. 
They are used to something and they dishke change of any kind. 
And so it takes a lot more time for faculty to do some new and dif- 
ferent educational approach, and there is little rewards because de- 
partment valuations and rankings are primarily research oriented. 

And finally, tiuming to where and how there can be successes, 
and I have been involved in looking arovmd at physics depart- 
ments, primarily, all over the coimtry examining this issue, and 
there are a few notable successes, but frankly, the real reasons be- 
hind those successes that I can see are they come from clear 
threats fi*om above, where administration said, okay, the depart- 
ment is really going to suffer, cut way back, unless it demonstrates 
some dramatic improvements in making broader, more effective 
education. And in those cases, that brings in very widespread fac- 
ulty participation, which is very different from the usual education 
reform, where you have one lone hero trying to do it on their own. 
But with that widespread participation, it can lead to very effective 
results. 

[The prepared statement of Dr. Wieman follows:] 

Prepared Statement of Carl E. Wieman 

I would like to thank Chairman Smith and Ranking Member Johnson for holding 
hearings on the important issue of Meeting the Demands of the Knowledge Based 
Economy: Strengthening Undergraduate Science, Mathematics, and Engineering 
Education, and for inviting me to testify. In many respects, this problem is one of 
chan ging cultures and traditions. Although we do not know ever^hing about how 
students learn and what attracts them or drives them away from SME fields, we 
know enough to see how substantial improvements could be made. However, to 
make those changes requires modifying ancient traditions of academia and the basic 
structure of academic institutions and SME Departments at those institutions. To 
a large extent an SME education is defined by what is done in the relevant depart- 
ments at the leading large research Universities such as Harvard, Stanford, Univer- 
sity of Michigan, University of California, etc. The priorities of these institutions are 
on both education and research as it should be; it is difficult to adequately educate 
students about new knowledge unless you are also involved in creating it. Also the 
research enterprise is an integral part of graduate SME education, which by most 
measures is functioning considerably better than undergraduate education. How- 
ever, research is given considerably more weight in the evaluation and ranking of 
departments than is undergraduate education. This makes it more difficult to devote 
resources to make major changes in education, particularly since many faculty see 
little reason to change. The cmrent system is based on hundreds of years of tradi- 
tion that has been quite successful at propagating the species of SME faculty. This 
had led to something of a division in many SME disciplines between the research 
oriented and teaching oriented faculty. My primary expertise in this field is that I 
can understand and relate to both sides of this issue and have a broad under- 
standing of the cultural institutions that make change so difficult. I have visited 
and studied a large number of leading physics departments in various capacities 
and have observed how they function and how they carry out undergraduate edu- 
cation. 
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I have read over H.R. 3130 and it looks to me like an excellent start with a focus 
on nearly all of the critical issues. There are two items to which I woxild have given 
additional weight based on my experience. The first is that I woxild have given more 
emphasis to successful proposals showing evidence of widespread support by the fac- 
ulty of the departments to be involved in such a program and the Higher adminis- 
tration at the institution. These two items have always played a major part in all 
of the success stories I am aware of in \indergraduate physics education, both for 
physics majors and majors in other disciplines. The second item that I would em- 
phasize is dissemination of the results to other comparable institutions. It is sur- 
pnsing how poor dissemination of education developments is in SME departments. 
iTie same community that has developed the ability to share and duplicate success- 
ful research results aroiind the world within days is often ignorant of education in- 
novations in the same city. 

Now let me address the questions raised in the invitation beginmng with, ‘What 
are the major challenges faced by students and faculty at your institution who are 
engaged in undergraduate SME education?” 

As mentioned Move, it is clear that the primary challenge is dealing with a very 
long tradition of how SME education should be carried out. The traditional format 
of a professor standing in front of a large class of students and pouring forth his 
knowledge and wisdom into their receptive minds has been in place for hundreds 
of years. As well as following ancient and well-established tradition, this approach 
also seems very cost effective for institutions. As a result, the great majority SME 
undergraduate education takes the form of large introductory courses taught in this 
format. Furthermore, tradition has led to a similarly traditional and correspondingly 
ancient and, by my standards, out dated curriculiim. However, to teach any other 
way would requires a faculty member to invest considerably more time and effort 
because they have to come up with something new and untested, instead of repeat- 
ing the famili ar. Furthermore, the students (and their parents) are as traditional 
as the facility. Introducing them to teaching innovations that research has shown 
to be effective are often (ustrusted and disliked because they are. counter to what 
they have become familiar with. Finally, the structure of most universities provides 
a peculiar sort of disincentive to successful innovations in teaching. Tf one does man- 
age to develop a course that attracts far more students; it may contribute to the 
overall institution,, but it is usually many years, if ever, before tHose benefits trickle 
down to the department and the faculty member who was responsible for them. In 
the mean time, they have a lot more students to teach, with the corresponding in- 
crease in workload. So while education research and an examination of practices at 
many institutions has shown ways that SME education could be improved to better 
meet the needs of today^s society, the structures and traditions of most academic in- 
stitutions are established to serve a different educational system. As a result there 
are few incentives for a faculty member to bring about change, Md considerable dis- 
incentives. This situation is changing, but only slowly and painfully. Until it does 
change, it is unlikely that widespread improvements will come about. One of the 
most insidious aspects to this problem is that people are not like widgets coming 
down the assembly line where it is easy to evaluate whether they are being im- 
proved or not. There are always some students who are ornery enough to turn out 
extremely well in spite of going through what every expert would agree was a ter- 
rible educational experience. A high fraction of such students end up becoming fac- 
ulty in SME disciplmes at colleges and universities, and so naturally they see little 
problem with the system. Unfortimately, it is fairly well established that a far 
greater number of students, particularly those from groups who have not tradition- 
ally had a large presence in such fields, find the present education system gives 
them little appreciation for such subjects or any incentive to pursue them for a ca- 
reer. 

Let me next address the question “What programs have been effective in address- 
ing the challenges identified above, and what were the key elements that led to 
their successes?” Frankly, the couple of physics departments where I have seen 
major successful changes in their imdergraduate education programs came about al- 
most entirely due to administrative pressure. The departments were threatened 
with severe cuts unless they demonstrated dramatic gains in numbers of majors, 
and/or satisfaction and improved education of non-majors. These threats brought 
about widespread efforts within the departments that went well beyond the t3q)ical 
lone “hero” trying to bring about change largely on his or her own. The resiilts of 
these “threat-driven” changes have been far more successful and long-lasting. In 
those cases NSF support for implementing changes played a valuable role, but only 
after the University administration had turned up the heat. 

For me personally the Director's teacher scholar award has provided funds and 
incentive to \mdertake a far more extensive education effort than I would have oth- 
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erwise. The Exxon-Mobil Foundation support of the National Under^aduate Task 
Force has allowed us to carry out a number of pro^ams that are raising awareness 
within the physics community about educational issues and the prospects for im- 
provements. 

Let me conclude with a brief discussion of how programs within the NSF might 
further educational goals. I first want to say that while I am very involved with im- 
dergraduate physics education; I have not had the opportunity to become expert on 
the various NSF programs. However, I will briefly give my impressions on the sub- 
ject. The education program at NSF has largely focused on K-12, with imder- 
graduate science education playing a relatively minor part, I would not want to say 
that was necessarily wrong, but one must keep in mind that the future K-12 teach- 
ers are learning their SME through imdergraduate programs. So it is important to 
have a suitable balance. Much of the support for physics imdergraduate education 
that I am aware of is coming through the MPS research directorate rather than the 
education directorate. It is admirable that the research directorates take this so se- 
riously, but it does sometimes seem as if the missions are becoming somewhat con- 
fused, leading to possible inefficiencies. 
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Biographical Sketch of Principal Investigator 



Carl E. Wieman 



Education: 

Massachusetts Institute of Technology 

Stanford University 

University of Chicago E 



Doctorate of Science (Honorary) 



Physics 

Physics 



B.S. 1973 
PhJ3. 1977 



1997 



Appointments: 

Distinguished Professor, University of Colorado, 1997-present 
Chairman, Joint Institute for Laboratory Astrophysics, 1 993- 1 995 
Professor of Physics, University of Colorado, 1987-present 
Fellow, JILA, 1985-present 

Associate Professor of Physics, University of Colorado, 1984-87 
Assistant Professor of Physics, University of Michigan, 1979-84 
Assistant Research Scientist, Department of Physics, University of Michigan, 1977-1979 

Honors and Awards; 

Nobel Prize in Physics, 2001 

Distinguished Teaching Scholar Award (National Science Foundation) 2001 

Benjamin Franklin Medal in Physics, 2000, R, W. Wood Prize (Optici Society of America) 1999 

Schawlow Prize for Laser Science (American Physical Society) 1999, Cherwell-Simon 

Lecturer, (Oxford University) 1999, Phi Beta Kappa Visiting Scholar 1999-2000 

Lorentz Medal (Royal Netherlands Academy of Arts and Sciences) 1998, American 

Academy of Arts & Sciences, elected 1998, 1998 Frew Fellowship (Australian Academy 

of Science), Honorary Doctorate of Science, University of Chicago, 1997, 1997 Award 

for Science, Bontils-Stanton Foundation, 1997 King Faisal International Prize for Science 

Newcomb Cleveland Prize (AAAS), 1996, Distinguished Research Lectureship, 1996-97 

(University of Colorado), Fritz London Award in Low Temperature Physics, 1996 

(lUPAP), Distinguished Research Lectureship of the University of Colorado Council, 

1996-1997, Richtmyer Memorial Lecture Award (Am. Assoc, of Physics Teachers), 1996 
Einstein Medal for Laser Science (Society for Optical and Quantum Electronics), 1 995 
National Academy of Sciences, elected 1995, Davisson-Germer Prize of the 
American Physical Society, 1994, E. 0. Lawrence Award in Physics (DOE), 1993 
Locb Lectureship (Harvard University), 1990-91, Fellow of the American Physical 
Society, 1990, Guggenheim Fellowship, 1990-Wl, University of Colorado Faculty 
Fellowship, 1990-1991, Sloan Research Fellowship, 1984, Hertz Foundation Fellow, 

1973-1977 

Relevant Publications: 

(1) C.E. Wieman, “The Richtmyer Memorial Lecture: Bose-Einstein condensation in an 
ultracold gas,” Am. J. Phys. 64, 847-855 (1996). 

(2) C.E. Wieman, G. Rowers and S. Gilbert, “Inexpensive laser cooling and tr^ping 
experiment for undergraduate laboratories,” Am. J. Phys. 63, 3 17-330 (1995). 

(3) K.B, MacAdam, A. Steinbach and C. Wieman, ”A narrow band tunable diode laser 
system with grating feedback, and a saturated absorption spectrometer for Cs and Rb,” 

Am. J. Phys. 60, 1098-1 1 1 1 (1992). 

(4) E.A. Cornell and C.E. Wieman, “The Bose-Einstein condensate,” Sci. Am. 278 
(March), 40-45 (1998). 
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O 

ERIC 



(5) NRC Physics Decadal Overview Study, “Physics in a New Era,” National Academy 
Press (2001). 

Other Significant Publications: 

(1) C. Monroe, W. Swann, H. Robinson and C. Wieman “Very cold trapped atoms in a 
vapor cell," Phys. Rev. Lett. 65, 1571-1574 (1990). 

(2) C. S. Wood, S. C. Bennett, D. Cho. B. P. Masterson, J. L. Roberts, C. Tanner and C. 
E. Wieman, “Measurement of parity nonconservation and an anapole moment in 
Cesium,” Science 275, 1759-1763 (1997). 

(3) M. H. Anderson, J. R. Ensher, M. R. Matthews, C. E. Wieman and E. A. Cornell, 
“Observation of Bose-Einstein condensation in a dilute atomic vapor,” Science 269, 198- 
201 (1995). 

(4) S.L. Cornish, N.R. Claussen, J.L. Roberts, E.A. Cornell and C.E. Wieman, “Stable 
(85)Rb Bose-Einstein condensates with widely tunable interactions,” Pfiys. Rev. Lett. 85, 
1795-1798(2000). 

(5) MJL Matthews, B.P. Anderson, P.C. Haljan, D.S. Hall, C.E. Wieman and E.A. 
Cornell, “Vortices in a Bose-Einstein condensate,” Phys. Rev. Lett. 83, 2498 (1999). 

Synergistic Activities: 

1 : Developed diode laser system, doppler-free laser spectroscopy experiment, and laser 
tnqjping and cooling experiment for undergraduate laboratory courses. Wrote these up in 
great detail in the American Journal of Physics, and they are now being widely 
duplicated. 

2. Wrote resource letter for AJP on trapping of neutral atoms and edited book of selected 
reprints on the sul^ect, published by AAPT. 

3. Played an active role in the development of the extensive Physics 2000 website, which 
provides widely accessible ^lanations of modem physics using interactive applets. 

4. Served in the entire Chair-line of DAMOP, on NRC Board on physics and astronomy, 
NRC physical sciences overview study committee, member AIP-APS-AAPT national 
task force on undergraduate education, and many other boards and committees. 

5. Served as Phi Beta K^pa visiting scholar for 1999-2000. In this role, gave eight 
public lectures across the country on atom cooling-BEC, and had countless other lectures, 
s eminar s, and meeting with undergraduates discussing physics. 

Collaborators: 

M.H. Anderson (Meadowlark Optics, Inc.), J.P. Burke (NIST), Donghyun Cho (Korea 
University), T.E. Chupp (University of Michigan), J.R. Ensher (ILX)> SJL. Gilbert 
(NIST), D.S. HaU (Amherst College), M.R. Matthews (TI), D.E. Pritchard (MIT), M.J. 
Renn (Michigan Tech), C.E. Tanner (Notre Dame), K.R. Vogel (NIST), D.J. Wineland 
(NIST) 

Grad Advisor: T. Hansch, University of Munich 
Post-doc advisor: W. Williams (deceased) 

Thesis advisor and postgraduate-scholar sponsor: 

Heather Patrick (NRL), S. Bennett (ILX Lightwave Inc.), C. Wood (Photonic Networks 
Inc.), Kristan Corwin (ENS), Chris Myatt (REO Inc.), Michelle Stqjhens (REO Inc.), 
Wolfgang Prtrich (Instmmentation Diagnostics), Simon Kuppens (University of 
Eindhoven), Eric Burt (Naval Observatory), Nate Newbury (Lincoln Labs), Zheng-Tian 
Lu (Argotme National Laboratory) 
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Totals: 10 postdocs, 21 grad students 



PI 


Agency 


Title 


Start Date 


Anderson 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


Anderson 


Ford 


Compact Photorefractive Fiber-Optic Vibration Sensor 


3/1/1997 


Anderson 


ONR 


Neutral Atom Hoses and Waveguides 


1/1/1994 


Anderson 


NSF 


IGERT: Graduate Training In Optical Science and 

Engineering 


8/1/1998 


Arvderson 


ARO: MURI 


Ultracold Atom Optics Science and Technology 


4/30/2000 


Anderson 


NSF 


Smart Active Antenna Arrays with Optical Processing 


10/1/1999 


Anderson 


Microeiecthc & 
Computer 
Technology 


Electro-Opto 


2/1/1993 


Arvderson 


ARO 


Photonics for RF Signal Processing 


8/15/1997 


Bohn 


NSF 


A Program of Research In Atomic and Molecular Physics 

and Related /Veas 


3/1/1996 


Bohn 


ARO: MURI 


Uitracold Atom Optics Science and Technology 


4/30/2000 


Comeii 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related ^eas 


3/1/1996 


Cornell 


NSF 


Alan T. Waterman Award 


7/1/1997 


Comeii 


ARO: MURI 


Uitracold Atom Optics Scierrce and Technology 


4/30/2000 


Corneii 


ONR 


Neutral Atom Hoses and Waveguides 


1/1/1994 


ComeU 


ONR 


Spontanelous Force Optical Traps 


12/1/1996 


Cundiff 


NSF 


A Program of Research In Atomic and Molecular Physics 

and Related /veas 


3/1/1996 


Cundiff 


Thoilabs 


Ultrasf^t Instrumentation Development 


7/1/1998 


Cundiff 


NSF 


Nonlinear Spectroscopy of Mbced-Vatent Materials 


5/15/1999 


Cundiff 


DOE 


Electronic Stnjcture and Phase Transition of Complex 
Electronic Oxides: Angle-Resolved and Pump-Probe 
Photoemissions Experiments 


4/15/2000 


Greene 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related ^eas 


3/1/1996 


Greene 


CU 


Greene's Research 


7/1/1998 


Greene 


DOE 


Physics of Correlated Systems 


• 12/1/1993 


Greene 


NSF 


Theoretical Atomic, Molecular, and Optical Physics at 

JILA 


6/15/2000 


Gallagher 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


Gallagher 


DOE/NREL 


Characterize and Model the Kinetics of Thin Film Silicon 
Growth by Hot-Wire Chemical Vapor Deposition 


7/1/2000 


Gallagher 


DOE/NREL 


Characterization of Small Partide Formation in the 
Preparation of Amorphous Silicon Solar Cells and 
Determination of the Electric Field ProfBe in Solar Cells 
Using Scanning Tunneling Microscopy 


7/1/1998 


Hall 


NSF 


A Program of Research in Atomic and Motecular Physics 

and Related Areas 


3/1/1996 


Hall 


NSF 


Fundamental Physics Using Frequency-Stabilized 
Lasers as Optical 'Atomic Clocks” 


2/1/1998 


Hall 


NASA 


Multi-Color Local Osdiiations with 1 x 10-15 Stability 


9/1/2000 
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Hall 


U.S. Civilian 
Research and 
Developnnent 
Foundation 


Optical Frequency Standards and Principal Testing the 
New Concept of a Direct fs-comb Bridge Betweem the 
Optical and Microwave Domains 


10/1/2000 


Holland 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


Holland 


DOE 


Quantum Theory of Collective Effects in Atom Laser 


9/1/1999 


Holland 


University of Quantum Logic Using Exitonic Quantum Dots in External 
Oregon Optical Microcavities 

(subcontract of 
ARO) 


9/1/1999 


Holland 


NSF 


Theoretical Atomic, Molecular, and Optical Physics at 

JILA 


6/15/2000. 


Jin 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


Jin 


ONR 


Exploring an Ultracold Gas of Fermionic Atoms 


5/1/1999 


Jin 


DOE 


Toward Cooper Pairing of Fermionic Atoms 


9/1/1999 


Jin 


ARO: MURI 


Ultracold Atom Optics Science and Technology 


4/30/2000 


Kapteyn 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


Kapteyn 


DOE 


Coherent Imaging of Laser-Plasma Interactions Using 
XUV Harmonic Radiation 


9/15/1999 


Kapteyn 


DOE 


Nonperturbative Laser-Atom Interactions for Extreme 

Nonlinear Optics 


9/15/1999 


Kapteyn 


NSF 


Uttrafast Laser-Produced Microstructured Plasmas for 

Soft X-ray Lasers 


9/1/1999 


Kapteyn 


DOE 


Bectronlc Structure and Phase Transition of Complex 
Bectronic Oxides: Angle-Resolved and Pump-Probe 
Photoemissions Experiments 


4/15/2000 


Kapteyn 


CU 


Kapteyn Start Up 


7/1/1999 


Kapteyn 


Colorado State 
University (a 
subcontract 
with DOE) 


Amplification of High Order Harmonics In a Discharge- 
Pumped Soft X-Ray Amplifier 


5/1/2000 


Leone 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


Leone 


NSF: Chem 


Alignment and Wave Packet Chemical Dynamics 


1/1/1998 


Leone 


DOE 


Time-resolved FTIR Emission Studies of Laser 
Photofragmentation and Radical Reactions 


4/1/1994 


Leone 


ARO 


Kinetic-energy-enhanced neutral etching + AASERT 


9/1/1997 


Leone 


AFOSR 


Ion and Neutral Dynamics of Ceramic Materials 
Fomnation and Atmospheric Processes 


11/15/1997 


Leone 


AFOSR 


Ion Dynamics Related to Hypersonlcs 


11/15/1997 


Leone 


NASA 


Laboratory Studies of Low Temperature Rate 
Coefficients: The Atmospheric Chemistry of the Outer 

Planets And Titan 


1/1/2000 


Leone 


NSF 


Infrared Band-specific Near Field Optical Microscopy 
Probing of Chemically Amplified Polymer Photoresists 


5/1/2000 
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Leone 


NSF: Chem 


Phase and Amplitude Dynamics of Rovibrational Wave 

Packets 


Leone 


ARO 


Uttrafast Laser Studies of Molecular Rydberg Wave 

Packets 


Leone 


AFOSR 


Ultrafast Soft X-Ray Probing of Core Level Molecular 

Dynamics 


Leone 


AFOSR 


Ion Dynamics Related to Hypersonlcs 


Leone 


ARO: DURIP 


Femtosecond Laser Regenerative Amplifier for Quantum 

Information Science 


Unebergef 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


Lineberger 


NSF: Chem 


Spectroscopy and Dynamics of Ions 


Lineberger 


AFOSR 


Photoelectron Spectroscopy Dynamics of Adsorbates on 

Clusters 


Unebeiger 


NSF 


Physics -2000 Popularizing Modem Physical Sciences 
through Virtual Interactive Experiments 


Mumane 


NSF. 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


Mumane 


NSF 


Enhanced Ultrafaxt X-ray Generation Using Pulse- 

Shaping 


Mumane 


DOE 


Coherent Imaging of Laser-Plasma Interactkxis Using 
XUV Harmonic Radiation 


Mumane 


DOE 


Non perturbative Laser-Atom Interactions for Extreme 

Nonlinear Optics 


Mumane 


CU 


Mumane Start Up 


Mumane 


DOE 


Electronic Structure and Phase Transition of Complex 
Electronic Oxides: Angle-Resoh/ed and Pump-Probe 
Photoemissions Experiments 


Mumane 


MIT (a 
subcontract of 
DOE) 


Uttrafast Coherent Soft X-Rays; A Novel Tool for 
Spectroscopy of Collective Behavior in Complete 

Materials 


Nesbitt 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


Nesbitt 


NSF: Chem 


High Resolution IR Laser Studies in Slit Supersonic Jets: 
Dynamics of Radicals, Molecules, and Clusters 


Nesbitt 


AFOSR 


State-Resolved Thermal/Hyperthermai Collision 
Dynamics of Atmospheric Species 


Nesbitt 


CU 


Chancellors Support of CU Wizards 


Nesbitt 


CU 


CU Wizard Gift Fund 


Parson 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


Parson 


American 

Chemical 

Society 


Simulation of Photochemical Reactions in Supercritical 

Fluids 



11/1/2001 

9/1/2000 

11/15/2000 

11/15/2000 

4/1/2000 

3/1/1996 

5/1/1997 

4/1/1999 

10/1/1998 

3/1/1996 

9/1/1999 

9/15/1999 

9/15/2000 

7/1/1999 

4/15/2000 

10/15/1999 

3/1/1996 

8/15/1998 

2/1/2000 

3/1/2000 

11/30/2000 

3/1/1998 

1/1/1998 



27 . 



23 



Parson 


NSF: Chem 


Reaction Dynamics in Molecular Cluster Ions 


1/1/1999 


Wieman 


NSF 


A Program of Research In Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


WIeman 


CU 


Wieman’s Research 


7/1/1997 


Wieman 


NSF: INT 


US-Korea Cooperative Research: Studies of Trapping 
and Cooling in a Far Off Resonance Optical Trap Using 
Circularly Polarized Light 


6/15/1999 


Wieman 


ONR 


SpontBnekxJs Force Optical Traps 


12/1/1996 


Wieman 


ARO: MURJ 


Ultracold Atom Optics Science and Technology 


4/30/2000 


Wieman 


ONR 


Neutral Atom Hoses and Waveguides 


1/1/1994 


Wieman 


NSF 


IGERT: Graduate Training in Optical Science and 

Engineering 


8/1/1998 


Wieman 


NSF 


Physics >2000 Poputarizlng Modem Physical Sciences 
through Virtual Interactive Experiments 


10/1/1998 


Ye 


NSF 


A Program of Research in Atomic and Molecular Physics 

and Related Areas 


3/1/1996 


Ye 


Coioratio 
Photonics and 
Optoelectronics 
Program 


Development of Highly Stable Solid State Lasers in the 
1-2 urn Wavelength Region 


8/1/2000 


Ye 


NASA 


Fundamental Physics Using Frequency-StabQIzed 
Lasers as Optical "Atomic Clocks* 


2/1/1998 


Ye 


Research 

Corporation 


Uttrastable Optical Frequencies Across the Entire VIsibla 
Spectrum and Ultrahigh Resolution Spectroscopy Using 
a Femtosecond Laser 


8/1/2000 



1530614 


Afidenon 


MSF 


3/1/1696 


2/26/2001 


12/31/2000 


755.443 


725.451 


35,176 


0 


1531246 


And«rson 


ONR 


1/1/1694 


6/30/2002 


11/3Q/2W0 


787.000 


662,724 


1,784 


6.575 


1531611 


Andefvon 


Coherant 


6/22/1996 


12/31/1996 


11/30/2000 


10.000 


13,069 


(3.093) 


0 


1532S27 


Anderson 


NSF 


10/1/1999 


9/30/2001 


11/30/2000 


116.940 


51.905 


11.205 


5,193 


1532614 


Anderson 


ARO: MURI 


4/30/2000 


11/26/2001 


11/3(V2000 


979.049 


301.932 


149,733 


50.658 


1532915 


Anderson 


NSF: REU 


7/1/2000 


6/30/2001 


11/30/2000 


5.000 


0 


0 


0 


1533189 


Anderson 


ARO:MURI 


9/1/2000 


12/31/2001 


11/30/2000 


73479 


16.220 


2.215 


0 


1536710 


Anderson 


ONR 

^4URI* 


a/1 5/1 967 


11/30/2002 


12/31/2000 


358.714 


363,137 


14.861 


0 


1646004 


Anderson 


Electro^ 

Opto 


2/1/1993 


6/30/2001 


1201/2000 


S.OOO 


1,718 


0 


0 


1646005 


Anderson 


Ford 


4/30/1997 


6/30/2001 


1201/2000 


16.363 


96 


0 


0 


1530606 


Bohn 


NSF 


3/1/1096 


2/26/2001 


1201/2000 


96.966 


74,455 


11.094 


2.284 



1530919 


Cornell 


NSF 


3/1/1966 


2/28/2001 


1201/2000 


883,576 


786,120 


74.892 


5,884 


1531143 


Cornell 


NSF 


7/17/1997 


7/31/2001 


11/300000 


500.000 


251,110 


92,743 


0 


1530217 


Cundtff 


Thon.ato 


7/1/1998 


6^30/2001 


1201/2000 


2.962 


2.982 


0 


0 


1530913 


Cundiff 


NSF 


3/1/1996 


2/28/2001 


1201/2000 


407.444 


367,176 


44.527 


6.84S 


1531106 


Cundiff 


NSF 


5/15/1999 


4/30/2001 


11000000 


73,833 


53,407 


1,195 


0 
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1530906 


Gaflagher 


NSF 


3/1/1996 


2/28/2X1 


12/31/2X0 


1.059,121 


1,040,361 


27.075 


13.106 


1531160 


Gafiaoher 


Matsu. 


1/1/1097 


12/31/1999 


11/30/20X 


42.9X 


42,9X 


0 


0 


1533310 


Gaflagher 


NREL 


9/22/2000 


9/21/2003 


11/30/20X 


75.2X 


9.446 


26,044 


17.502 



1146303 


Greene 


CU 


7/1/1992 


6/30/2X1 


12/31/2X0 


3,453 


842 


3.285 


0 


153X16 


Greene 


NSF 


3/1/1996 


2/28/2X1 


12/31/2X0 


663,383 


614,712 


92.056 


5.981 


1530951 


Greene 


NSF 


7/1/1968 


12/31/19X 


12/31/20X 


1X.0X 


98,605 


(2,228) 


0 


1531137 


Greene 


DOE 


12n/1993 


6/30/2X1 


11/3Q/20X 


913,641 


615,284 


62,336 


5,165 


1532717 


Greene 


NSF 


6/15/20X 


5/31/2X1 


11/3Q/20X 


1X.6S1 


15,X7 


71,187 


8,615 



1530X7 


HaU 


NSF 


3/1/1 9X 


2/28/2X1 


12/31 /20X 


873,640 


611,006 


8.978 


22.739 


1531151 


HaU 


NASA- 

Marsh 


2/1/1998 


1/31/2X1 


11/30/20X 


1X,0X 


155,158 


28.652 


508 


1533478 


Kai 


CRDF 


1(yi/20X 


3/31/2002 


11/30/20X 


5.7X 


0 


0 


0 


1124336 


HoBand 


CV 


7/1/1998 


6/30/2X1 


12/31/20X 


6,633 


0 


0 


0 


1530903 


Holland 


NSF 


3/V16X 


2/28/2001 


12/31/20X 


' 312,623 . 


287,539 


15,871 


824 


1531695 


Holland 


OOE 


9/1/19X 


8/31/2X1 


11/30/20X 


230.0X 


127,074 


38,557 


5,474 


1531822 


Holland 


Un.OfOR 


9/1/1 9X 


12/31/20X 


11/30/2X0 


61,111 
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NSF Group Research in Atomic, Molecular, and Optical 

Physics at JILA 
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ARO: MURI UltracoW Atom Optics Science and Technology 
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NSF IGERT: Graduate Training in Optical Science and 

Engineering 

NSF Distinguished Teaching Scholar Award 

NIST No direct funding but much support for JILA 



Chairman Smith. Representative Udall, when the panelists fin- 
ish their testimony, I would like to ask you to give maybe a more 
thorough description of the esteemed panelists from your territory. 
Dr. Howard. 
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STATEMENT OF KATHLEEN P. HOWARD, PH.D., ASSISTANT 
PROFESSOR OF CHEMISTRY, SWATHMORE COLLEGE 

Ms. Howard. Th ank you, Mr. Chairman and Members of the 
Committee, for the opportunity to speak before you today. I don’t 
lecture in my chemistry classes from a script, but in the interest 
of clarity and brevity, I would like to read a prepared statement. 

From my understanding, I was invited to speak to you today as 
a young faculty member who teaches vmdergraduates and as a re- 
cent recipient of an NSF Career Award, which is currently fimding 
my research in teaching. This is my 5th year teaching at 
Swathmore College in the Chemistry Department. I have found it 
a wonderful place to teach and to do first class research. The stu- 
dent body at Swathmore is approximately 1,400 strong and the stu- 
dent to faculty ratio is eight to one. We only have undergraduates; 
there is no graduate program. Students come to Swathmore be- 
cause they want a rigorous demanding education. One of the 
unique h allmar ks of the college is that honor degrees are awarded 
based on ored and written exams given by experts from outside 
Swathmore. Although this is a challenging program and can be 
quite stressful for the students, as well as their faculty mentors, 
it is edso invigorating. This extemsQ assessment has the added ben- 
efit that Swathmore faculty regularly get outside input into the 
quality of their programs. 

At Swathmore, I teach both majors as well as non-majore. We 
have a lab intensive curriculum. All our standard courses, includ- 
ing the course for non-majors, includes hands-on experimental lab 
work. Although this is time and resource intensive, it is in the lab 
that the concepts students hear about in the classroom come alive. 
Our lab intensive curriculum moves from a rather well defined set 
of experiments in introductory courses to open-ended inquiry based 
experiments in the upper level courses. Every faculty member in 
our department has an active research program in which students 
are intimately involved as research assistants both during the 
school year and throughout the summer. Most of our research stu- 
dents not only present their work at loced as well as nationed sci- 
entific conferences, but become coauthors on peer review pubhca- 
tions as well. 

As part of our imdergraduate research program, students work 
side by side with their faculty mentors to solve problems, not sim- 
ply to provide an extra pair of hands. I think that extensive fac- 
ulty-student contact is one of the main reasons why about 40 per- 
cent of edl our chemistry majors continue onto graduate school and 
earn their Ph.D. Not only do they go onto graduate school, but the 
feedback we get is that they feel well prepared and thrive in their 
graduate programs. Just last week, we got an e-mail from the Har- 
vard Chemistry Department, reporting that the three graduate stu- 
dents who will win awards this year for exceptional performance as 
a teaching assistant are aU Swathmore graduates. 

Why has Swathmore been so successful at training future chem- 
istry Ph.D.’s? It starts with attracting students to Swathmore who 
want a rigorous education and attracting enthusiastic faculty who 
want to be both teachers and research scholars. Furthermore, the 
college provides a great deal of institutioned support to create the 
infrastructure needed for a laboratory and research based cur- 
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riculum. Our department has a surprising amount of high quality 
research grade instrumentation for an undergraduate institution. 

How could NSF help us and other undergraduate institutions 
train the next generation of scientists? As proposed in the Tech 
Talent Act, I think it is important for NSF to continue to invest 
in programs that encourage undergraduate research. Conducting 
research is the best way to learn what it means to be a scientist, 
both the fhistration and the exhilaration. Concrete ways the NSF 
can bolster undergraduate research include stipend support for the 
students, as well as summer salary and research leave support for 
faculty. NSF should also expand its current programs to help un- 
dergraduate institutions purchase and up^ade state of the art in- 
strumentation. Strong research and teaching programs rely on ac- 
cess to such equipment. Investing in undergraduate research is one 
of the best ways the NSF can assure the American workforce re- 
mains innovative and productive. 

Thank you for allowing me to participate. 

[The prepared statement of Ms. Howard follows:] 

Prepared Statement of Kathleen P. Howard 

I. Background on Swarthmore College and its track record for training sci- 
entists: 

Swarthmore College is a co-educational undergraduate institution located ~15 
miles south of Philadelphia, Pennsylvania. With a student/faculty ratio of approxi- 
mately 8:1, Swarthmore ensures that its roughly 1400 students have close and reg- 
ular contact with their professors. Swarthmore College has been a leader in the un- 
dergraduate education of future research scientists. In the past ten years, the 
Swarthmore Chemistry Department has graduated 136 majors of which 61 have 
gone on to graduate school, 39 to medical school, and 16 to related positions in in- 
dustry, research or education. Schools that our recent chemistry graduates have at- 
tended include Columbia, Cornell, Harvard, MIT, Stanford, UC Berkeley, University 
of Chicago, and Yale. Although the Swarthmore alumni body is small (about 17,000 
living alumni), it is distinguished; three Swarthmore graduates have won the Nobel 
Prize; 36 have earned membersWp in the National Academy of Sciences and nine 
in the National Academy of Engineering. 

RECENT QUOTE ABOUT SWARTHMORE: 

‘The national average (of students in the United States majoring in science) 
hovers around eight percent of all enrollees. In the selective undergraduate lib- 
eral arts colleges, it may be as high as 20 to 25 percent — larger and faster grow- 
ing than in comparable research universities. The former also go on to earn doc- 
torates at a much higher rate. For the decade 1986 through 1995, the propor- 
tional Ph.D. productivity of undergraduate institutions was far higher than that 
of the research universities; the top five included four liberal arts colleges. The 
top two, Reed and Swarthmore, nearly doubled the proportional productivity of 
Harvard and Yale.” 

Donald Kennedy, in the August 31, 2001 issue of Science, the publica- 
tion of the American Association for the Advancement of Science 

n. What I see as Challenges for Science Faculty at Swarthmore College: 

1. Finding enough time to teach, do research and actively participate in the col- 
lege community. 

2. Writing competitive extramural grants to support research programs as well 
as teaching programs. 

3. Keeping current so that we not only teach cutting edge-material, but take 
advantage of new teaching methods and approaches. 

4. Balancing “depth” and “breadth” in teaching courses. “Active” leamng meth- 
ods are successful in engag^g students, but the amount of material that can 
be covered in a semester is reduced as compared to straight lecture based 
classes. 
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5. Since undergraduates are the primary assistants our research moves at a 
slower pace than that at CTaduate institutions where the research assistants 
are graduate students ana postdoctoral fellows working full-time. 

HI- What I see as Challenges for Science Students at Swarthmore College: 

1. Fin din g time to excel in all their science classes as well as take full advan- 
tage of a well-rounded liberal arts education and extra curricular activities. 
Swarthmore has a lab intensive curricultim that is very time intensive. 

2. Committing to major in science early on in their college careers. The chem- 
istry curricultim is hierarchical and requires several math and physics 
courses as prerequisites. If science courses are not begun in the freshman 
year, the curriculum is difficult to complete in four years. 

3. Deciding what they want to do with their lives. Being a chemistry major re- 
quires a great deal of time and effort, and students want a compelling reason 
(such as the hope of a fulfilling career post college) to make the sacrifices 
required. 

IV. What Makes Swarthmore College Effective at Training Future Sci- 
entists: 

1. Enthusiastic Faculty who are Active Teacher ! Scholars, Swarthmore attracts 
people who want to be active teacher/scholars and realize Swarthmore is an 
environment where they can flourish. Strong faculty research prop*ams with 
undergraduates benefit all concerned: faculty members remmns profes- 
sional^ active and connected despite extensive teaching responsibilities and 
the undergraduate students not only learn a great deal but gain inspiration 
and self confidence from being exposed to ‘‘cutting edge” problems in science. 
As far as teaching, the curricmum in chemistry at Swarthmore benefits from 
small class sizes, a laboratory intensive curriculum at every level and semi- 
nars at the advanced level that are based on current literature. Classes rare- 
ly are taught exactly the same way year after year. There is a constant effort 
to update and improve the content and presentation of material. 

2. Strong Institutional Support. Swarthmore invests in modem, high quality in- 
strumentation. The coUege provides generous start-up budgets for new fac- 
ulty members, and encourages and supports the updating of equipment 
through various funding sources. Swarthmore College is actively committed 
to maintaining its leadership role in the sciences. In June 2001, the college 
broke ground for a $56 million interdisciplinary science center that wiU in- 
clude state-of-the-art teaching and research lab space for the Chemistry, 
Physics, Math, Biology and Computer Science Departments. 

3. Regular Research Leaves for Faculty. Swarthmore has a research leave pro- 

J ram where facultv can take time to focus their energies on research and up- 
ate their skills after every three full years of teaching. This gives us contact 
with the outside scientific community which enriches and energizes our re- 
search and teac hing . A big benefit of the research leave program is that 
Swarthmore faculty often continue collaborations beyond the leave year. 85% 
of faculty in the Natural Sciences Division have active research collabora- 
tions with colleagues at other institutions. Students thus have access to re- 
search underway not only on campus, but also in some of the most exciting 
work in laboratories across the country and around the world. 

4. Small, '"Nimble"' Faculty Size. The size of departments as well as the overall 
faculty body is small. Through regular college-wide faculty meetings and pro- 
vost sponsored faculty limches every week there is constant discussion about 
how we are meeting the needs of ffie students. The Chemistry Department 
also has yearly departmental retreats where we get together to discuss what 
we are doing well, and what can be improved. What results is a program 
that can adapt to changes and challenges and take advantage of new oMor- 
tunities. For example, t his year the Chemistry Department decided to 
change the format of our General Chemistry course for first year students 
for next year. We thought beginning students could benefit from a small dis- 
cussion based seminar format class (max 12 students). We will split our Gen- 
eral Chemistry class into five groups; four small seminar groups, and one 
traditional lecture course. 

5. Diverse Set of Talented Students. The college attracts and recruits a diverse 
set of students who want a rigorous education. Swarthmore has a long- 
standing commitment to recruiting and retaining students and faculty from 
diverse racial, ethnic and economic backgrounds. The graduating class of 
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2000 included 30 percent minorities (8 percent African American, 10 percent 
Latino/a American, 12 percent Asian American). One of the my first under- 

E aduate research assistants was an African Ameri^n woman who success- 
lly completed and defended an independent senior research thesis, pre- 
sented research at conferences and is an author on two published peer re- 
viewed research papers. Swart hm ore has a noteworthy track record in the 
education of women scientists and engineers. Among the past five graduating 
classes, 69 percent of Biology majors, 53 percent of Chemistry and Bio- 
chemistry majors, 30 percent of Engineering majors, and 29 percent of Phys- 
ics and Astrophysics majors were women. Approximately half of these women 
students are continuing their science or engineering education at the grad- 
uate level. 

6. Unique Competitive Honors Program. Honors at Swarthmore are awarded 
not oy Swarthmore faculty, but through a set of exams given to our students 
each year by external experts as part of the Honors Program. Regular con- 
tact with these outside educators serves as a regular diagnostic tool for the 
curriculum. External assessment is challenging and invigorating for the stu- 
dents, and allows them to interact in a meaningful way with scientists fi*om 
all over the country. 

7. Emphasis on Interdisciplinary Work. Interdisciplinary studies significantly 
emand the sphere of collea^es with whom faculty at a small college can col- 
laborate, and simtiltaneously create opportunities for students to do research 
in emerging areas of inquiry. A grant from the Howard Hughes Medical In- 
stitute has lielped the College in creating an environment in which collabora- 
tions can flourish. Swarthmore faculty often share their work with their col- 
leagues and students from other departments. For example, all science and 
engineering faculty and students engaged in research on campus duMg the 
summer come together once a week to present their projects to their peers 
in otiier departments. 

IV. Funding Sources that have been beneficial to my work at Swarthmore: 

I have been awarded three grants since I have been a faculty member at 
Swarthmore College: 

1. NSF CAREER Award for 2001-2006 

Spectroscopy of Peptides ! Lipids in Magnetically Oriented Membranes ($329,000) 
Research grant used to support supplies, equipment and summer research sty ends 
for students. Proposal involves the aevelopment of novel spectroscopic methods and 
the application oi these methods to study membrane protein structure and dynam- 
ics. 

2. Dreyfus Foundation Special Grant in the Chemical Sciences for 1999- 
2002 

Development of X-ray Diffraction Projects ($45,000) 

This grant, along with Swarthmore College matching funds, was used for the pur- 
chase of a new x-ray diffractometer for use in Physical Chemistry and Instrumental 
Methods teaching labs. 

3. National Institutes of Health AREA Grant for 1998-2001 

Peptide ! Lipid Studies in Field Oriented Membranes ($105,003) 

Research grant used to support supplies, equipment and summer research stipends 
for students. Proposal invdves the development of both EPR and NMR methods for 
determining the structures and dynamics of both lipid and peptide components of 
membrane bilayers. 

I have also benefited firom some institutional grants at Swarthmore College. For 
the past 12 years the college has had a series of grants firom Howard Hughes Med- 
ical Institute (HHMI) that average -$850,000 for a four year period. This money is 
targeted for biomedical related research activities on campus and pays for 25 sti^ 
dent summer research stipends each year, student supply budgets, equipment and 
outreach to local high school teachers and students. As part of our current grant 
from HHMI, faculty make weekly research presentations during the school year to 
an average of 70 first- and second-year stuuents in hope of attracting them to the 
sciences by giving them insight into the creative process of inquiry, and into the va- 
riety of fields represented by the research earned out by members of our mciuty. 

Other members of my department rely heavily on grants from private foundati^s 
such as Camille and Henry Dreyfus Foundation, American Chemical Society-PRF 
program and Research Corporation. Although many faculty at Swarthmore Imve 
done well with NSF, my feeling is that many faculty members at other under- 
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graduate institutions find the review process at NSF too competitive and discour- 
aging for their research prograims and rely on smaller private foundation grants and 
limited institutional funoing to keep their programs going. 

IV. NSF Programs That I Feel Are Effective at Catalyzing Change in Un- 
dergraduate Education: 

I feel that any program that NSF has for supporting high qu^ity research where 
research assistants are undergraduates is essential for the training of future gen- 
eration of scientists. At Swarthmore we have found that engaging students in 
hands-on experiments on research grade instrumentation is a very import^t part 
of their educational experience. It allows them to experience the thrill of discovery 
first hand, and inspires many of them to want to continue their science education 
in graduate school. 

V. Programs that I think NSF should support in the future: 

I think that NSF shoxxld continue to support high quality grants from faculty 
members at undergraduate institutions who actively involve students in hands-on 
science. At Swarthmore, involving students in faculty research programs has been 
one of our primary educational tools, and one of the main reasons why many of our 
students go on to CTaduate school. Although Swarthmore has many faculty with 
high quality, federadly funded research programs, I know that other undergraduate 
institutions have had a much more difficult time. The problems are related to heavy 
teaching loads and lack of quality instrumentation. 

Programs I think could improve the training of future scientists at undergraduate 
institutions are: 

1. An NSF program that allows salary support for an undergraduate facultv 
member to work with someone from a graduate institution during a research 
leave. As far as I am aware, NSF funds currently can not be used for aca- 
demic year salary. As part of the research leave year proCTam at 
Swarthmore, the college pays for one semester of the leave, and faouty mem- 
ber raises the other hair Experience has been that the full year is needed 
to be productive. It would be really helpful if NSF funds could be used to 
match the institutional investment in this program. 

2. Some kind of one-time “ramp-up” OTant for undergraduate faculty who are 
not yet competitive with tramtionsQ NSF gr^ts, but would like to acauire 
the instrumentation and resources to get their research programs to a level 
where they can compete for federal grants. 

3. Continued investment of NSF in funding the purchase and up^ade of instru- 
mentation at undergraduate institutions. We nave found that hands-on expo- 
sure to high quality instrumentation is essential to our teaching and re- 
search programs. 

Biography for Kathleen P. Howard 

Department of Chemistry, Swarthmore College, 1500 College Avenue, Swarthmore, 
PA 19081-1397; phone: (610) 328-8519; fax: (610) 328-7355; e-mail: 
khowardl @ swarthmore.edu 

PROFESSIONAL EXPERIENCE 

Swarthmore College, Swarthmore, PA 

Assistant Professor (tenure track). Department of Chemistry (9/97-present) 

University of Pennsylvania, Philadelphia PA 

Visiting Faculty, Department of Biochemistry and Biophysics, (Fall 2000-Fall 
2001) 

University of Pennsylvania, Philadelphia, PA 

Postdoctoral fellow in the Department of Chemistry (9/95—9/97) 

Recipient of Arthritis Foundation Postdoctoral Fellowship 
Advisor: Dr. Stanley J. Opella 

Project: Development of Nuclear Magnetic Resonance Techniques for Deter- 
mining the Structures of Membrane-Bound Molecules. Reconstituted membrane 
molecules into phospholipid bilayers that spontaneously oriented in a magnetic 
field. Implemented oriented sample NMR experiments on home-built solid 
state NMR spectrometers. 

EDUCATION 

Yale University, New Haven, CT 
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Ph.D. in Chemistry (1995) 

Advisor: Dr. James H. Prestegard 

Dissertation: NMR Studies of the Structure and Dynamics of Membrane-Bound 
Diacylglycerol Glycolipids. Purified the three most abundant glycolipids in na- 
ture from labeled algal extracts. Studied the conformations of the three 
diacylglycerol glycolipids both in solution and bound to a magnetically oriented 
model membrane system. Used molecular modeling including a membrane 
bound interaction energy to aid in the analysis of the experimental data. 
Fellowships and Awards: National Research Service Award, Samuel K. 
Bushnell Fellowship, Yale Department of Chemistry Excellence in Teaching 
Award 

Princeton University, Princeton, NJ 
B.A. in chemistry, cum laude (1990) 

Senior Thesis Advisor: Dr. Jannette Carey 

Independent Research Thesis: Glutaraldehyde Crosslinking Reveals Tetramer 
Formation by Tryptophan Repressor. Studied the hypothesized dimer-multimer 
equilibrium of the trp repressor protein in solution was using chemical cross 
linking and electrophoresis in denaturing gels. 

PUBUCATIONS 

(^ undergraduate co-authors) 

Parker, M.^ King, V.t and Howard, K.P. (2001) NMR study of doxorubicin binding 
to cardiolipin containing magnetically oriented phospholipid bilayers. 
Biochimica Biophysica Acta Biomembranes, 1514 (2), 206-216. 

Mangels, M., Harper, A., Smirnov, A.I., Howard, K.P. and Lorigan, G.A. (2001) In- 
vestigating Magnetically Aligned Phospholipid Bilayers with EPR Spectroscopy 
at 94 GHz, Journal of Magnetic Resonance, 151, 253-259. 

Cardon, T.B., T^buru, E., Padmanabhan, A., Howard, K.P. and Lorigan, G.A. (2001) 
Magnetically Aligned Phospholipid Bilayers at the Parallel and Perpendicular 
Orientations for X-Band Spin-Label EPR Studies, Journal of the American 
Chemical Society 123 (12), 2913-2914. 

Mangels, M., Cardon, T., Harper, A., Howard, K.P. and Lorig^, G.A. (2000) 
Spectroscopic Characterization of Spin Labeled Magnetically Oriented 
Phospholipid Bilayers by EPR Spectroscopy, Journal of the American Chemical 
Society, 122 (29), 7052-7058. 

Howard, KP. (2000) Thermod 3 Tiamics of DNA Duplex Formation. Journal of Chem- 
ical Education, 77 (11) 1469-1471. 

King, V.t, Parker, M.^ and Howard, K.P. (2000) Pegylation of Magnetically Oriented 
Lipid Bilayers. Journal of Magnetic Resonance, 142 (1), 177—182. 

Garber, S.M.^, Lorigan, G.A., and Howard K.P. (1999) Magnetically Oriented 
Phospholipid Bilayers for Spin Label EPR Studies. Journal of the American 
Chemical Society, 121, 3240-3241. 

Howard, K.P. and Opella, S.J. (1996) High Resolution Solid State NMR of Inte^al 
Membrane Proteins Reconstituted into Magnetically Oriented Phospholipid 
Bilayers. Journal of Magnetic Resonance, 112, 91-94. 

Howard, K.P. and Prestegard, J.H. (1996) Conformation of Sulfoquinovosyl 
Diacylglycerol at the Si^ace of Magnetically-Oriented Phospholipid Bilayers. 
Biophysical Journal, 71, 2573-2582. 

Howard, K.P. and Prestegard, J.H. (1996) Conformation and Dynamics of 
Digalactosyl Diacylglycerol. Journal of the American Chemical Society, 118, 
3345-3353. 

Howard, K.P. and Prestegard, J.H. (1995) Conformation of Monogalactosyl 
Diacylglycerol at the Surface of Magnetically-Oriented Phospholipid Bilayers. 
Journal of the American Chemical Society, 117, 5031-5040. 

Martin, K.S., Royer, C.A., Howard, K.P., Carey, J., Liu, Y., Matthews, K., Heyduk, 
E., Lee, J.C. (1994) Electrostatic Forces Contribute to Interactions Between trp 
repressor Dimers. Biophysical Journal, 66, 1167-1173. 

Metz, G., Howard, K.P., van Liemt, W.B.S., Prestegard, J.H., Lugtenburg, J., and 
Smith, S.O. (1994) NMR studies of ubiquinone location in oriented model mem- 
branes: Evidence for a single motionally-averaged population. Journal of the 
American Chemical Society, 117, 564-565. 

Sanders, C.R., Hare, B., Howard, KP., and Prestegard, J.H. (1993) Magnetically- 
Oriented Phospholipid Micelles as a Tool for the Study of Membrane-Associated 
Moleciiles. Progress in NMR Spectroscopy, 26 (5), 421- 444 . 
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Hare, B.J., Howard, K.P., and Prestegard, J.H. (1993) Torsion Angle Analysis of 
Gly colipid Order at Membrane Surfaces. Biophysical Journal, 64, 392—398. 

Chung, J., Tolman, J.R., Howard, KP., and Prestegard, J.H. (1993) Three Dimen- 
sional 13C-13C Correlated Experiments on Oligosaccharides. Journal of Mag- 
netic Resonance B, 102, 137-147. 

Gosser, Y., Howard, K.P., and Prestegard, J.H. (1993) Three Dimensional IH-De- 
tected 13C-13C Correlation Experiments for Carbon Backbone Assignments of 
Enriched Natural Products. Journal of Magnetic Resonance B, 101, 126—133. 

Ram, P., Kim, E., Thomson, D., Howard, KP., and Prestegard, J.H. (1992) Com- 
puter Modeling of Glycolipids at Membrane Surfaces. Biophysical Journal, 63, 
1530-1535. 

PRESENTATIONS 

(t undergraduate co-authors) 

Howard, K (April 2001) “Development and Application of Magnetically Orienting 
Bilayers for the Study of Membrane-Bound Molecules,” invited seminar given 
at Villanova University, Department of Chemistry. 

Parker, M.^, Lloyd, Kt and Howard K (February 2001) “Design and Application of 
Magnetically Orienting Bilayers for the Study of Membrane-Bound Molecules,” 
poster presented at the Biophysical Society Meeting, Boston, MA. 

Howard, K (December 2000) “Development and Application of Magnetically Ori- 
enting Bilayers for the Study of Membrane-Bound Molecules,” invited seminar 
given at Drexel University, Department of Chemistry. 

Howard, K (September 2000) “Development and Application of Magiietically Ori- 
enting Bilayers for the Study of Membrane-Bound Molecules,” invited seminar 
given at Haverford College, Department of Chemistry. 

Parker, M.^, King, V.^ Garber, S.^, and Lloyd, K^ and Howard, K. (July 2000) “De- 
sign and Application of Magnetically Orienting Bilayers For the Study of Mein- 
brane-Bound Molecules,” poster presented at the University of Pennsylvania’s 
Department of Biophysics and Biochemistry Annual Department Retreat. 

Howard, K (March 2000) “NMR Studies of Membrane-Bound Molecules Using Mag- 
netically Oriented Phospholipid Bilayers,” invited seminar given at Georgetown 
University, Department of Chemistry. 

Lloyd, Kt and Howard, K (February 2000) “Studying Transmembrane Helical 
Peptides in Magnetically Oriented Phospholipid Bilayers,” poster presented at 
Biophysical Society Meeting, New Orleans, Louisiana. 

Parker, M.t and Howard, K. (February 2000) “Doxorubicin Binding to Cardiolipin 
Containing Ma^etically Oriented Phospholipid Bilayers,” poster presented at 
Biophysical Society Meeting, New Orleans, Louisiana. 

King, V., Garber, S.t, Parker, M.t, and Howard, K. (July 1999) “Design and Applica- 
tion of Magnetically Orienting Bilayers for the Study of Membrane-Bound Mol- 
ecules,” poster presented at the 14th International Meeting on NMR Spectros- 
copy, Edinburgh, Scotland. 

Garber, S.t, King, V.t and Howard K (February 1999) “Design and Application of 
Magnetically Orienting Bilayers for the Study of Membrane-Bound Molecules,” 
poster presented at the Biophysical Society Meeting, Baltimore, Maryland. 

Howard, K. (December 1997) ‘NMR Studies of Membrane-Bound Molecules Using 
Magnetically Oriented Phospholipid Bilayers,” invited seminar given at Bryn 
Mawr College, Department of Chemistry. 

Howard, K (November 1997) “NMR Studies of Membrane-Boimd Molecules Using 
Magnetically Oriented Phospholipid Bilayers,” presentation for the Howard 
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FAX 610-328-7355 
e-mail khowardl@swarthmore.edu 



March 4, 2002 



Dear Chairman Boehlert: 

As requested I am reporting sources of Federal Funding which support subject matter 
on which 1 will testify this Thursday March 7th as part of the hearing on "Meeting the 
Demands of the Knowledge Based Economy." 




I am currenliy funded by a NSF grant: 

2001-2006 Spectroscopy of Peotides/Lipids in Magacticallv Oriented Membranes $329,000 

National Science Foundation CAREER Award, CHE-0092940 

Research grant used to support supplies, equipment and summer research stipends 
for students. Proposal involves the development of novel EPR and NMR methods 
and the application of these methods to study membrane protein structure and 
dynamics. 



Sincerely, 

Kathleen P. Howard 
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Chairman Smith. Thank you. Dr. Wubah. 

STATEMENT OF DANIEL A. WUBAH, PH.D., PROFESSOR OF 
BIOLOGY, JAMES MADISON UNIVERSITY 

Dr. Wubah. Good morning, Mr. Chairman and Members of the 
Committee. My name is Daniel Wubah and I am a Professor of Bi- 
ology and Associate Dean at James Madison University College of 
Science and Mathematics. I would like to read part of my testi- 
mony here, but details I would not be able to provide in five min- 
utes. I consider this to be a privilege to appear before you today 
to testify on the strengthening of undergraduate science, mathe- 
matics, and engineering from the perspective of someone who is in 
the trenches working with one of our most valuable assets, the stu- 
dents. 

At the dawn of the 21st century, the continued global leadership 
of our coimtry depends on a strong, competitive well-trained work- 
force and citizens who are equipped to fimction in a complex tech- 
nological world. In the preface to his 1990 study, Scholarship Re- 
considered, the late Ernest Boyer stated, “The most importmt obli- 
gation now confronting the Nation’s colleges and universities is to 
break out of the tired old teaching versus research debate and de- 
fine, in more creative ways, what it means to be a scholar.” This 
need to redefine the characteristics of a scholar is the cornerstone 
of the daily activities in a comprehensive university. Faculty mem- 
bers at this t 3 T)e of institution that normally educate more than 40 
percent of imdergraduate students in this country — faculty mem- 
bers in this t 3 T)e of institutions educate 40 percent of aU under- 
graduates in the country. However, for a long time, such institu- 
tions have not been funded to reflect these efforts. The cu^ent con- 
cerns about the looming crisis in our ability to be leaders in science 
education for all citizens calls for changes in the distribution of re- 
sources. 

My testimony today will address the three broad questions that 
were given to me to answer. First, I would like to p^ce the two 
institutions that I have been affiliated with in the right context. 
Towson University is an urban comprehensive university and the 
second largest university in Maryland with a student population of 
approximately 16,500 students. Because of its location in a metro- 
politan area, a majority of the students are commuters, first gen- 
eration college students, immigrants, or have families and children. 
James Madison, on the other hand, is located in the Shenandoah 
Valley in a rural setting with about 15,000 students, including 900 
graduate students. Over 85 percent of students at James Madison 
are between the ages of 18 and 22 and they live on campus or with- 
in a 2-mile radius. 

Now, I would like to talk briefly about programs that we have 
used toward increasing the number of techiucally trained students 
for the workforce. At both institutions I was involved in a program 
that, basically, prepared students through summer programs as 
well as during the academic year. In these programs, what we nor- 
mally did was we brought them in over the summer from either the 
host institution or from other schools across the Nation, and they 
were merely funded by their research experiences for under- 
graduate program at the NSF. 
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Now, these programs, the details have been provided, but I 
would like to just mention a few items that I think are very, very 
important in answering the questions that we asked. It is very im- 
portant to integrate our curriculum with research, as done pre- 
vious, because this is something that is an immediate challenge in 
all institutions, especially, in the comprehensives where resources 
are lacking. The teaching loads of faculty members normally are 
between 12 and 15 credit contract hours per week. So basically, 
these faculty members have to teach their full load in addition to 
mentor students, work with the students. This is very, ve^ chal- 
lenging. In addition to that, resources are often lacking in com- 
prehensive institutions, particularly, because these institutions are 
not the flagship institutions in the states. 

One other important aspect is to link the research projects that 
the students do to their everyday life. Without that, it is impossible 
to get some of these students to understand what they are doing. 
In addition to that, the lack of role models for vmder-represented 
students makes a lot of — it makes it difficult for some students to 
participate in this program, because these students, in most cases, 
want to see someone who looks like them in the program. 

Now, with regards to effective programs that I have seen so far, 
what I consider to be the most important aspect is, basically, the 
mentorship. Mentorship is very, very important. If we can include 
mentorship in all the programs that would be funded H.R. 3130, 
it would make a lot of difference. Thank you. 

[The prepared statement of Dr. Wubah follows:] 

Prepared Statement of Daniel A. Wubah 

At the dawn of the twenty first century, the continued global leadership of our 
country depends on a strong, competitive weU-trained workforce and citizens who 
are equipped to function in a complex technological world. Hence I applaud the au- 
thors of tnis bill to meet this challenge of facilitating efforts to increase the tech- 
nically trained workforce. 

In the preface to his 1990 study. Scholarship. Reconsidered, Ernest Boyer stated, 
“the most important obligation now confronting the nation’s colleges and univer- 
sities is to break out of the tired old teaching versus research debate and define, 
in more creative ways, what it means to be a scholar.’’ This need to redefine the 
characteristics of a scholar is the cornerstone of the daily activities in comprehen- 
sive universities. Faculty members at this type of institution of higher learning edu- 
cate more than 40 percent of all undergraduate students in this country. However, 
for a long time, such institutions have not been funded to reflect these efforts. 'The 
current concerns about and looming crisis in our ability to be leaders in science edu- 
cation for all citizens calls for changes in the distribution of resources. 

My testimony today will address three broad questions posed for examination at 
this hearing in support of H.R. 3130. 

• What are the major challenges facing faculty and students who are engaged 
in undergraduate science, mathematics, andmr engineering education at com- 
prehensive universities? 

• What programs or activities at these institutions have been effective in ad- 
i’essing the challenges and what were the key elements that led to their suc- 
cess? 

• What elements of these program(s) require additional attention to enable full 
achievement of the goals that were set? 

Brief descriptions of 'TU and JMU 

I would like to place the two institutions that I will focus on in the right context. 
Towson University is an urban comprehensive university and the second largest 
university in Maryland with a student population of approximately 16,500. Of these, 
11,500 are full-time undergraduates, 2,300 are part time undergraduates and the 
remaining 2,600 are graduate students (a majority of them attend on a part time 
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basis). The institution has 521 full-time faculty members and oyer 600 part time 
instructors. Because of its location in a metropolitan area, majority of the students 
are commuters, first generation college students, or have children. 

James Madison University is located in the Shenandoah Valley in a more rural 
setting with about 15,000 students including approximately 900 graduate students. 
Over 85 percent of the students at JMU are between the ages of 18 and 22 and 
they live on campus or within a two mile radius. JMU has 661 full-time faculty and 
235 part-time faculty. WTiat the two institutions have in common is their emphasis 
on providing superlative educational experiences at the undergraduate level to pre- 
pare students for the workforce as well as graduate and professional schools. 

Overview of undergraduate research programs TU and JMU 

The goal of the program is to recruit and provide research experiences to under- 
graduates who would otherwise never have such an opportumty. The program is de- 
signed to enable students to develop skills in effective experimental design and exe- 
cution, improve their communication skills and enhance their critical thinking abili- 
ties. By doing so, outstanding students are provided with the knowledge and skills 
to enter the worlrforce or to pursue careers in the sciences. 

To accomplish this goal, the student experience resembles that of an independent 
researcher. Faculty mentors work closely with students as they progressed from a 
passive research apprenticeship to an active investigative role and eventually to an 
independent researcher. Working with their faculty mentors, students formulate 
working hypothesis, design and carry out experiments, collect and malyze data and 
present their findings in both verb^ and written forms. In addition, the program 
includes seminars by visiting scholars, weekly group research meetings, journal 
clubs, and workshops in ethics, scientific writing and career development. Students 
also visit three types of institutions that represent a range of research enviroimients 
different from the university: a) institutions that combine research with public edu- 
cation b) fractional research institutions and c) industrial research and develop- 
ment divisions. Students are encouraged to live on campus to form a community of 
learners; they have a variety of opportunities for interactions among themselves and 
other undergraduates from the host institution, graduate students and faculty. The 
effectiveness of the program is evaluated on several levels including students’ re- 
ports, attitudes towards scientific research and career development. 

Students participate in a broad range of projects, designed to prepare them to be- 
come professionals. Due to the diverse research emertise of the faculty, students are 
able to find projects that match their interest. The projects include the molecular 
genetics of spiroplasma, the cellular basis for plant stress responses, the physiology 
of wood eating fish, urban stream ecology, maternal behavior of salamanders, tax- 
onomy of asilid insects and the role of anaerobic fungi in fiber degradation to reduce 
greenhouse gases. Exposure to a variety of research projects helps students to im- 
derstand the interrelationships within and between the various levels of scientific 

organization * i_ j 

Faculty mentors are chosen on the basis of their experience working with under- 
graduates in the laboratory and the suitability of research projects for undergradu- 
ates. During the first year of the project at Towson University, none of the faculty 
mentors was paid. That brings me to the challenges that comprehensive institutions 
face in developing such programs to prepare students for the scientific workforce. 
These challenges include: 

• Integrating the research experience into the curriculum: This aspect requires 
major financial commit m ent from the institutional admimstration coupled 
with active faculty participation. A few comprehensive institutions have been 
able to incorporate the axiom “we learn science by doing science” in their cur- 
riculum. Some institutions have achieved this goal by infusing a problem- 
based approach into the curriculum. 

• Teaching loads: Faculty members in comprehensive institutions often have to 
carry their full teaching loads of between 12 and 15 contact hours per week 
during the academic year while training undergraduate students in their 
labs. Hence, most faculty members relegate their research to the summer. 

• Resources: Comprehensive universities are often not adequately funded at the 
state level because their mission is teaching. Such institutions are often not 
the flagship university of the state, yet they educate equal, if not more citi- 
zens, for the workforce as the flagship institutions. 

• Linking the research projects to everyday life: Using what is local and imme- 
diate as a source of curriculum tends to deepen knowledge through the lar^r 
understandings of the familiar and accessible. Making science relevant to the 
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daily life of students increases student understanding and often gives a 
stronger impetus to apply problem-solving skills. 

• Lack of role models for under-represented students: Students are more com- 
fortable if they belong to a community in which they see others like them- 
selves. One of the reasons why the number of undergraduate degrees offered 
in the sciences, mathematics and engineering has been flat or declining de- 
spite the rapid population growth, as stated in H.R. 3130, is the tendency for 
most minority students to choose the biomedical sciences because there are 
more funds available in the form of training grants and scholarships in such 
programs. The need to pay attention to this demographic shift is reaching 
dire levels. 

Elements of effective programs 

A major characteristic of effective research training programs at comprehensive 
institutions is faculty commitment and the support of aonunistration in tne form of 
resources. The intellectual development of undergraduate students is most effec- 
tively guided in one-to-one relationships. This t 3 ^pe of mentorship has been practiced 
at the undergraduate level in areas like art and music, where individual perform- 
ance is watched, corrected, assisted, and encoxiraged. In the process, an tinder- 
graduate student and instnictor can develop a supportive relationship not unlike 
that found between doctoral candidate and advisor. This kind of mentoring is one 
of the most important characteristic of all effective under^aduate programs. 

Another important characteristic of effective programs is that faculty mentors use 
their research sites as seminar rooms in which their proteges observe and partici- 
pate in the process of discovery and communication of knowledge. Peer mentoring 
is an important component of such programs and those with knowledge and skills 
help to develop the proficiency of others. This approach encoxirages collaborative 
learning and it supports the notion that the educational-research process is one of 
discovery, not transmission, and that communication is an integral part of the 
shared enterprise. 

Integrating students with different backgrounds and diverse experiences into one 
program that has several audiences and purposes leads to a higher level of profes- 
sionalism and social interaction. Often such programs require an amalgamation of 
funds from vauious sources because federal funds from one soxirce is often focused 
and limited to a specific initiative. At Towson University, funding for the summer 
research program was provided by the NSF-Research Experiences for Under- 
graduate ^U) program, the University System of Maryland initiative to increase 
minority participation in the sciences and the Maryland Collaborative for Teacher 
Participation program. At James Madison University, our summer programs are 
currently funded by four NSF REU grants (Biolo^, Chemistry, Materials Science 
and Mathematics), Undergraduate Mentoring in Environmental Biology (UMEB), 
and private foundations such as the GTE Foundation. 

Elements of programs that need additional attention 

Although H.R. 3130 addresses the major elements that require attention towards 
meeting the goals of increasing technically trained workforce, I would like to high- 
light some of the main elements that need attention. 

Emphasis on mentorship: Mentorship should be at the core of the programs fund- 
ed under H.R. 3130 because it is a proven attribute in all effective programs. It 
works for all students. 

Bridges programs: A large portion of the under-represented students who tr^sfer 
to baccalaureate institutions attend comprehensive universities due to economic and 
other social factors. Therefore, previous enrollment of transfer students from under- 
represented groups in science, mathematics, engineering and technology should be 
considered as a criterion for making awards. 

Summer support for faculty: In most comprehensive institutions, faculty members 
have to teach during the summer because oi 9- or 10-month contracts. Some institu- 
tions provide faculty stipends in the summer to ensure their participation in train- 
ing programs but not all comprehensive institutions can do so. In order to create 
a far reaching impact, faculty stipends should be provided as an incentive to encour- 
age their participation. 

Private and state support: More often than not, graduates firom comprehensive 
universities join the worraorce in their local region. H.R. 3130 can enhance active 
participation of state agencies and the private industry in training of technically 
adept workforce to benefit the local region by providing supplements to match such 
efforts. 

Teacher preparation: The Research Experiences for Teachers program at the NbF 
has been run by the Engineering Directorate and selected disciplines. Expanding 
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this program to other disciplines would benefit all involved. Pairing pre- and in- 
service teachers in research projects would be a good approach in this effort. 

Recommendations 

In addition to the recommendations above, specific recommendations that would 
enhance the participation of comprehensive institutions include: 

• Year round programs: Such programs would ensure continuity of student ex- 
perience and foster integration of scientific knowledge into our daily lives. 
Faculty in comprehensive universities would be able to mentor and carry out 
research projects year round. 

• Pathway programs: Specific bridging programs between community colleges 
and baccalaureate institutions should require curricular alignment. This ap- 
proach would facilitate the transition and also increase the number of under- 
represented students who enter and stay in the sciences. 

• Partnerships between institutions: Programs that involve more than one type 
of institution often provides students with broader experiences than focused 
types. For students who have not decided on a scientific discipline to pursue, 
they will benefit by having an opportunity to participate in programs beyond 
their campus. 

• Involvement of K— 12 teachers in research programs: The knowledge that K— 
12 teachers need to succeed in the classroom is different from what one needs 
for the workforce. Including pre-service and in-service teachers in research 
programs always leads to productive outcomes beyond comprehensive institu- 
tions. Programs such as integration of teachers in the NSF Collaborative for 
Teacher Preparation in summer research programs should be encouraged. 
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Chairmsin SMITH. Thank you, Dr. Wubah. 

STATEMENT OF STEVEN LEE JOHNSON, PH.D., PROVOST AND 
CHIEF OPERATING OFFICER, SINCLAIR COMMUNITY COLLEGE 

Dr. Johnson. Grood morning, Honorable Chairman Smith, Ms. 
Johnson. Thank you for the opportxmity to testify before the Re- 
search Subcommittee. 

Am I punched in now? How is that? I think we might have a 
dead mic. I will just speak very loudly, if I can. How is that? We 
are on. 

I strongly believe that Federal investments in core academic 
math, science, and technology programs must increase and these 
new investments should be allocated in very large proportions to 
American community and technical colleges. American commumty 
colleges produce and deliver cutting edge technology every day and 
produce three to five technicians that support each engineer, sci- 
entist, and medical doctor across the country, not to mention the 
fact that many medical doctors, engineers, and scientists them- 
selves begin their education in community colleges. Each ye£^, mil- 
lions of community college students take core mathematic and 
science courses to lay the groundwork for further studies. NSF re- 
search indicates that as many as 40 percent of the Nation’s science 
and math teachers take courses in community colleges. 

Fmiihermore, literally, thousands of community college students 
from across the coxmtry enter the community college with a bacca- 
laureate degree or an advanced degree already in hand. They have 
come back to advance their skills, to get retraining, or other critical 
reeducation throughout their lifetime. Another important point, na- 
tionally, 58 percent of the seven million undergraduate students in 
community colleges are female, 30 percent are from minority 
groups. Community college student bodies have a higher percent- 
age of minorities and women than other institutions of higher edu- 
cation. Community colleges, therefore, play an extensive role not 
only in education of our nation’s technological workforce, but also, 
an essential starting point for physicists, chemists, and engineers. 

In the written testimony that I have provided, I provide detail 
of numerous major science and technology reform initiatives at Sin- 
clair College, and these projects would not have been possible with- 
out tremendous support from NSF and from the U.S. Department 
of Education. And those examples are just one institution, one com- 
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munity college institution, and I urge you to look at what is going 
across the Nation. 

I have some recommendations that I would like to forward to you 
at this point. First, I think that funding from the National Science 
Fovmdation Advanced Technological Education Program has been 
very important to commvmity colleges. We are very competitive. We 
have delivered as requested and promised. However, the program 
focuses on engineering technologies and needs to expand its focus 
to core mathematics and science courses. And furthermore, we ap- 
pear to be at a critical threshold in spite of large proposed in- 
creases in overall NSF funding. The Division of Undergraduate 
Education, including Advanced Technolo^cal Education, appar- 
ently, will lose frmding and research funding for universities will 
probably be increased. This trend is troubling and should be halted. 

Second, in general, community colleges are not as competitive at 
securing Federal funding as 4-year colleges and universities, and 
one major reason is that many agencies are geared toward a pri- 
ority of pure research opposed to the practical pragmatic cur- 
riculum development that is a forte of community colleges. 

Third, the identification and proliferation of already existing suc- 
cessful models is often overlooked in all segments of higher edu- 
cation. We really need to work on programs that allow us to dis- 
seminate and proliferate. I strongly recommend that the national 
role of two outstanding national community college umbrella orga- 
nizations be supported, strengthened, and expanded through Fed- 
eral support. That would be the League for Innovation in Commu- 
nity Colleges and the American Association of Commimity Colleges. 
The League for Innovation in Commimity Colleges, in particular, is 
focused on catalyzing innovations and reformation in under- 
graduate education and in community college services, and I be- 
lieve that the League should be embraced by Washington as a part- 
ner in organizing national efforts within community colleges across 
the country. 

Finally, I would say that, clearly, innovation and outreach is ac- 
celerated by Federal support. State Government support, as well as 
foundation, private foundation, support. Public community colleges 
across the country are delivering, and they are delivering on their 
promise of providing solid and accessible — and I really want to 
highlight the word “accessible” — higher education. And they need 
to be embraced by our Federal programs, and for this reason, I 
wholeheartedly support the passage of legislation similar to H.R. 
3130. 

Thank you very much for the opportunity to speak before you 
today. 

[The prepared statement of Dr. Johnson follows:] 

Prepared Statement of Steven Lee Johnson 

Honorable Chairman Smith and Members of the Research Subcommittee, thank 
you for the opportunity to testify before you today. My name is Steven Lee Johnson, 
Provost and Chief Operating Officer of Sinclair Community College in Dayton, Ohio. 
In addition to speakmg as one executive from one of the Nation’s largest and nation- 
ally active comprehensive community colleges, I speak as an active contributor to 
the national undergraduate education reform movement focused on learning out- 
comes and placing learning first in all college policies, practices, and procedures. 

I will make the following points today: 
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1. Support for core academic math, science and technolo^ programs must in- 
crease for the continued strength and health of the Nation. 

2. With federal support, community and technical colleges have proven effective 
in the delivery of science and technology education to a large proportion of 
U.S. undergraduates, and have proven strong in the movement toward inno- 
vative reformation of education. 

3. As flexible, practical, and innovative organizations, commimity colleges are 
the seat of many innovations that deserve widespread dissemination and 
adoption across the Nation. 

4. I advocate for the Subcommittee’s passage of legislation similar to H.R. 3130 
(Technology Talent Act of 2001). 

Introduction 

Federal investments in core academic math, science and technology programs 
must increase, and those new investments should be allocated in very high propor- 
tion to American, community and technical colleges. American community colleges 
produce and deliver cutting-edge science and high technolo^ every day. We educate 
the three to five technicians that support each engineer, scientist, and medical doc- 
tor across the coimtry. Our nearly 7 million imdergraduate students are learning 
in high tech areas as biotechnology, advanced integrated manufacturing, rapid 
prototyping, computer networking, robotics, surgical technology, and web-based 
graphic simulation. 

According to the American Association of Community Colleges, nearly half of all 
U.S. imdergraduate college students are enrolled in community colleges. There mil- 
hons of students take core mathematics and science courses to lay the groundwork 
for further studies. These core courses are arguably the most important curricular 
component in a community college because they are required of all associate degree 
and transfer students — including future teachers. NSF research indicates that as 
many as 40 percent of the Nation’s science and math teachers have taken courses 
at a co mmuni ty college, with an even higher percentage in some states. Looking 
ahead to the expected wave of retirements in the teacher ranks, community colleges 
must be included in the plans to recruit their replacements and provide teachers 
with a soimd educational footing. 

America’s community and technical colleges total over 1,100 institutions and are 
found in the largest urban areas of New York and Los Angeles and the most rural 
areas of Appala^a and the American West. We are the college of the people, with 
an absolute commitment to serving the current needs of our local communities. As 
our most egaHtarian form of higher education, community colleges continually strive 
to reduce the cost, policy, location, and curricular barriers that are t 3 q>ical within 
higher education. Nationally, 58 percent of the nearly 7 million imdergraduate com- 
munity college students are female and 30 percent are from minority groups. Com- 
munity college student bodies have a higher percentage of minorities and women 
than do other institutions of higher education. Community colleges therefore play 
an extensive role not only in the education of our nation’s technological workforce, 
but also as an essential starting point for tomorrow’s physicists, chemists, and engi- 
neers. This is especially true for minorities currently under-represented in these 
fields. 

Furthermore, hterally thousands of community college students across the county 
enter the co mmuni ty college with a baccalaureate or advanced degree in hand. 
Throughout their lifetimes, they seek advanced technical skills or critical re-edu- 
cation to augment the theoretical knowledge gained through their previous degree 
work. Co mmuni ty colleges count among their alumni Craig Venter, mapper of the 
human genome, and Bruce Merrifield, winner of the Nobel Prize for Chemistry. Fed- 
eral programs that recognize and facihtate the role community colleges play in the 
development of future scientists are needed. 

A robust national economy requires world-class thinkers and technicians in the 
workforce. Co mmuni ty college students and faculty who are engaged in under- 
graduate science, mathematics, engineering, and technology education face many 
challenges. It is difficult and expensive to bring a fi:*agile, under-prepared student 
up to the appropriate academic level to enter our cutting-edge technology programs. 
However, the investment of time, effort, and resources is critical to not only enable 
disadvantaged students to succeed in a democracy, but to also meet current emerg- 
ing workforce needs. Obtaining and maintaining the equipment, hardware, and soft- 
ware and providing the professional development for faculty are costly. To be effec- 
tive, co mmuni ty college more investment n*om pubhc and private sources to aug- 
ment our operating budgets (yet I arme that the amount of investment per student 
would be lower than if invested in other forms of higher education). These economic 
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and technical challenges directly affect the ability of American community colleges 
to remain world leaders in technician education. 

Today I will highlight major initiatives at Sinclair College that are reforming un- 
dergraduate education in the Dayton region. I will share nationally recognized 
benchmark models that are the direct result of federal fimding and support. I will 
also offer several examples of notable, locally-funded initiatives that illustrate how 
Sinclair develops and dexes to meet demonstrated needs in science, mathematics, 
engineering, and technology education. I will conclude with a call for much more 
support for development and dissemination of innovation in the core academic 
courses in math, science and technology. 

Sinclair College’s Federally-funded Programs that Reform Science, Mathe- 
matics, Engineering, and Technology Education 

1. National Center of Excellence for Advanced Manufacturing Education 

Funded by a seven year, $6.8 million grant from the National Science Foundation, 
the mission of the National Center of Excellence for Advanced Man^acturing Edu- 
cation is to provide national leadership in developing maniifacturing engineering 
technicians with strong fundamental and technical skills. The National Center of 
Excellence has developed a pedagogy that is competency-based, activity and team- 
work-based, contextufid, industry-verified, and has assessment embedded at every 
level. Specific outcomes of this initiative include: 

• The creation of a new 62 modxile associate degree program in Maniifacturing 
Engineering Technology 

• More than 4,600 educators introduced to the modules and the methods 

• At least 8,600 students educated by the modules and the methods 

• More than 3,500 business employees in 1,200 businesses and industries intro- 
duced to the modules and the methods. 

The National Center of Excellence actively trains both seconda^ teachers and 
post-secondary faculty in the development of curricula as well as effective delivery 
of activity-based learning using the architecture. 

2. The Information Technology (IT) Academy Project (IT @ Sinclair) 

Funded by an $850,000 grant firom the National Science Foundation and a 
$500,000 grant from the Ohio Board of Regents, IT@Sinclair is responding to the 
growing shortage of highly skilled employees in information technology fields. The 
project has residted in:. . 

• The Learning Center @ Research Park, The creation of an off-campus learning 

facility enables Sinclair to expand its IT curriculum offerings to thousands of 
new students. ' 

• Competency-based curriculum that is delivered inflexible ways. The new cur- 
riculum is a complete redesign of 18 courses and five degree options to align 
with state-of-the-art IT jobs and competencies. 

• Increased Skills Among Faculty, Full-time faculty have undergone extensive 
retraining needed to develop and teach the new curriculum. 

• Increased enrollment in IT Tech Prep programs. High school students hpe in- 
creased interest in IT careers as a result of the project’s relationship with the 
Dayton-area Miami Valley Tech Prep Consoitium. Enrollments have in- 
creased by 38 percent over recent years. 

3. Miami Valley Tech Prep Consortium 

With an annual allocation averaging $300,000 fi:om the Ohio Department of Edu- 
cation and Carl D. Perkins funding, tms Da 3 ^n-area consortium strengthens Ohio’s 
workforce competitiveness by preparing students for technology-based careers. The 
I^ami Valley Tech Prep Consortium is a partnership among Sinclair Community 
College, multiple public school districts and employers in southwest Ohio. It com- 
bines the last two years of high school with two years at Sinclair resulting in a foim 
year or “2 -h 2” seamless educational pathway leading to the associate degree in 
a technology-based career. By fall 2002, the Consortium will offer 10 tech prep path- 
ways based at 30 high school sites and Sinclair College. Currently, 2,215 students 
are enrolled in tech prep pathways within the consortium. In recent years the U.S. 
Department of Education designated the Da 3 rton area Miami Valley Tech Prep Con- 
sortium as “Best in the Nation.” 

Tech prep prepares and motivates ordinary students to do extra-ordinary things. 
For example, tech prep students at Sinclair (5oUege, many of whom are first genera- 
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tion college students, demonstrate a higher level of college readiness. Only 20 per- 
cent of tech prep students require developmental course work compared to 80 per- 
cent from the general full-time college population. Tech prep students perform at 
significantly higher academic levels than same age comparison groups in first year 
mathematics, English and biology. 

4, Center for Health Communities 

The Center for Healthy Communities is a community academic partnership estab- 
lished by the Boards of Trustees of Sinclair Community College and Wright State 
University. The Center for Healthy Communities works with health professions edu- 
cation programs and over 100 health and human services in the Dayton area to im- 
prove community health care service delivery for the underserved and to enhance 
health professions education. Sinclair offers courses in community health advocacy 
placing technicians in the poor, urban neighborhoods to assist residents in obtaining 
improved health care. Each year over 2,500 individuals receive direct health care 
or educational services from the Center. 

5* Chemical Instrumentation Institutes 

Over the course of seven recent years with $750,000 of support from the National 
Science Foundation, Sinclair College led Summer Faculty Institutes in state-of the- 
art training. Approximately 350 community college faculty nationwide, who teach an 
estimated 52,000 college students annually mooring in science and pre-health ca- 
reers, were trained in advanced chemistry instrumentation (Gas Chromatograph/ 
Mass Spectrometer, High Performance Liquid Chromatography, and Fourier Trans- 
form Infrared Spectrophotometer, with special topics on Molecular Modeling, Envi- 
ronmental Science, and Software applications in teaching). Key to this successful 
project was collaboration with four-year universities: The University of Dayton, 
George Mason University, and Western Washington University. 

6. Faculty Development in Engineering Technologies 

The National Science Foundation awarded Sinclair College a $100,000 grant to 
conduct a series of comprehensive professional development programs for two-year 
college engineering technology faculty. Faculty attended courses and worked with 
their colleagues from industry and universities while learning the latest technology 
in the areas of rapid prototyping and workcell simulation. Each workshop incor- 
porated curriculum development concepts by working with Sinclair’s National Cen- 
ter of Excellence in Advanced Manufacturing Education. 

During the two-year project, the workshops were filled to capacity with 44 engi- 
neering and technology faculty from 28 different colleges and universities across 13 
states. An estimated 2,000 students benefited from the new material within a year 
of the workshops. 

7. Future of Engineering Technology 

In the mid-1990’s, the National Science Foundation asked Sinclair College to fore- 
cast the changes needed to secure a highly qualified workforce of engineering techni- 
cians in commerce and industry. A national “Workshop to Establish a National 
Agenda for the Future of Engineering Technician Education” convened to identify 
critical issues and to set forth recommendations for the academic institutions, their 
oversight bodies, professional societies, the business and industrial community, and 
governmental funding agencies. The resulting report, which provided a vision for the 
mture of engineering technician education, was disseminated to every two-year col- 
lege in the Nation. 

8* Image and Marketing of Engineering Technology Programs 

Sinclair Community College received a $250,000 National Science Foundation 
grant with its partners, the American Society for Engineering Education/Engineer- 
ing Technolo^ Council, Middlesex County College, Motorola University (a division 
of the Motorola Corporation), University of Central Florida, and the University of 
Dayton Engineering Technology Department. The goal is to create a national mar- 
keting campaign and marketing materials to promote a strong, positive image of en- 
gineering technology education, to market that image to prospective students, and 
ultimately encourage more students to enter the profession. The project will be com- 
pleted this summer with national distribution of the materials at that time. 

State and Locally Funded Initiatives at Sinclair College Reforming Science, 
Mathematics, Engineering, and Technology Education 

1, Biotechnology Program 
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Sinclair has initiated a new associate degree in biotechnology in cooperation with 
local business and industry. In the fall of 2001, Sinclair began a new regional train- 
ing center for biotechnology technicians with support from: 

• A gift from Eli Lilly in Indianapolis 

• A $185,000 Ohio Department of Education grant for equipment, curriculum, 
and faculty development 

• The Miami Valley Tech Prep Consortium which established 2 + 2 programs 
with area high schools 

This new program is projected to enroll 215 high school and 60 imdergraduate 
community college students. 

2. Top Gun Academy 

The Top Gim Academy provides advanced training to expert workers in the tool 
and machine industry. The skills and knowledge derived from this trainmg is in- 
tended to enable workers and related businesses to compete successfully with indus- 
try developments in other coimtries. Top Gim is an industry specific training pro- 
gram resulting from the partnership of the Advanced Integrated Manufacturmg 
Center of Sinclair Community College, the University of Dayton, the Dayton Tooling 
and Machining Association, and TOOLVALLEY Network, a consortium of local in- 
dustry and government partners. The program was launched in 2001 and is cur- 
rently serving 25 students. Plans are underway to disseminate information con- 
cerning the Top Gim Academy as a national model for other communities. 

3. Fire Science Technology Apprenticeship 

In a city with a 42 percent Afncan-American population, the City of Dayton Fire 
Department has only 5 percent African-Americans in the uniformed ranks. In addi- 
tion, only 6 percent of Dayton Firefighters are female. In response to this situation, 
Sinclair Colfege has cooperated with the City of Dayton to develop a Kre Science 
Technology i^prentice Ifrogram designed to educate and train a more diverse group 
of students. Tne program combines on-the-job emerience in the Dayton Fire Depart- 
ment with academic tr ainin g through Sinclair. The program enhances the t^hnical 
and educational skills needed to be competitive on the firefighter recruiting test. 
The program, which started in the spring of 2001, has 26 participants. The fist co- 
hort group w^ complete their program in December 2002. Of the 26 participants, 
53 percent are minorities and 19 percent are women. 

4. Women in Engineering Technology 

The challenge of attracting and retaining women in engineering technology dis- 
ciplines is approached by Sinclair College’s Women in Engineering Technologies Pro- 
gram. 

Approximately 700 7th-8th grade girls participate in hands-on workshops through 
a bi-annual Career Day introducing them to engineering technologies, science, and 
mathematics careers. A two-week Summer Institute Program introduces 10th— 12th 
grade yoimg women to the engineering and industrial technology career opportum- 
ties while they earn college credit. 

5. Human Patient Simulator Technology 

Sinclair College has been a national leader in the use of human simulators in 
healthcare education. Health care is experiencing unprecedented change and allied 
health educators are challenged to prepare students to work in a djmamic health 
care culture. Critical thinking skills, good communication, and teamwork skills must 
be taught in conjunction with specific course content. The Division of Allied Health 
uses a Human Patient Simulator, which is a life-size computer controlled manikin 
that breathes, has a heartbeat, and includes sophisticated modeling of physiology 
and pharmacology, enabling it to mimic accurately many himan responses. The sys- 
tem comes with a number of pre-programmed scenarios in which the underl 5 nng 
physiological model is tailored to duplicate a particular kind of individual. The man- 
ikin, therefore, can be male or female, young or old, fit or unwell, and can even sim- 
ulate some aspects of the pregnant patient. The Human Patient Simulator is used: 

• To prepare students in a controlled, pre-clinical learning environment. Stu- 
dents have the opportunity to work on “a patient,” make mistakes, and re- 
ceive appropriate medback from faculty before ever touching a live patient. 

• Each quarter approximately 300 Emergency Medical Services, Nursing, and 
Respiratory Care students work in teams as they will in the workplace to care 
for the patient while developing clinical decision-making skills. 
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6. Radiologic Technology On-line Learning Project 

This rniique partnership between Sinclair Community College and the American 
Society of Ldiologic Technologists offers on-line earning expenences for appro^ 
mately 250,000 radiologic technologists nationally. During Januap^ 
website recorded approximately 30,000 hits from six continents. Web-based instruc- 
tion is critical because: 

• There is a severe workforce shortage of technologists and other aUied health 
disciplines, m akin g it difficult to release staff from work to seek professional 
development experiences. 

• Content developed for nurses and radiology professionals is apphcable no 
matter where the professionals are geographically located. 

. Training is easy to access anywhere, any time. For example Smclair College 
is currently meeting with the Air Force to explore a contractual arrangement 
for use by military services personnel deployed around the world. 

7, Teacher Recruitment and Preparation in Mathematics and Science 

Large percentages of newly certified teachers take much orall of their ^ience, 
mathe^matics, and technology coursework in two-ye^ colleges. The Nation^ Scien^ 
Foundation estimates that this percentage is as ffigh as 70 percent of elementa^ 
school teachers in the state of California (National Science Foimdation, A Report of 
the DMsion of Undergraduate Education, NSF 01^). To assist m the preparation 
of future teachers, Sinclair is participating in the SUSTAIN project ^ 

curriculum for mathematics and science copses for the preparation of elemente^ 
and middle school teachers using National Science Education Standards. S^Ti^ 
Reives federal funding through the state, with Ohio State University as the lead 

institution. 

Concluding Recommendations 

Community colleges constitute a large proportion of our undergraduate ^dents 
and with Congressional support can increase their proven role as a e°s^ffecti^ 
leader in the (felivery of reformed science, mathematics, en^eenng, and technolo^ 
educatiSi work at Sinclair College that I have highhghted is just one example 
of the grassroots work being done across America; there are thousands of addifron^ 
exampfrs of both national and local impact across commumty and technical college 

®^^ding from the National Science Foundation Advanced Technological Education 
program Ls been invaluable to community collets. We are very compeMive and 
we have deUvered as requested and as promised. However, the program fosses on 
rnghieering technologies and does not truly adless the core mfhematms and 
science coi^ses. FurtLrmore, we are at a cnfrc^ threshold In spite of pro- 

posed increases in overall NSF funding, the Division Undergraduate E^cati^^ 
fincluding the Advanced Technological Educafron pro^am) apparently^!! lose 
binding, and research funding for universities will probably be increased. This trend 

is troubling and should be halted. r j 

In general community colleges are not as competitive at secmriM federal S 

as fo^-year colleges and universities. Each year the Council fw ^source Develop- 
ment creates the Federal Funding to Two-Year Colleges import based upon inter- 
views with program officers. The report details the number of subnussions and 
awards by agency and program comparing commumty colleges and umversities. The 
K ffichLtes that the?e Ire only a handful of programs Wkere commumty colleges 
are competitive. One major reason is that the priorities of many agencies 
pure research as opposed to the practical and applied tjmes of curriculum develop- 
ment and workforce development initiatives-the forte of y^nencan commi^ty col 
leees For example, funding for health programs is often focused on the graduate 
lefel in spite of the volume of alUed health professionals educated at commumty col- 

^^^’in other forms of education, community colleges themselves face depletion in 
their faculty ranks. The NSF could do more to encourage graduate studente contem- 
plating a career in higher education to consider the option of teachmg at a commu- 
EiS^lllege. A progra^ similar to the K-12 program, where future Acuity members 
have the opportumty to experience teaching at a commumty college, nught be n 

p^ of successful models is often 

segments of higher education. We place many of our needed resources into research 
QTi^ fipvplonment with relativelv little resources remaimng for regional or national 
dissetiinatfon. I would estimate^that of the $6 miffipn that Sinclair College receives 
in annual grant funding, only five to ten percent is devoted to dissemmation, the 
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bulk is for research, development, testing, and operations. Many educational, agen- 
cy, and political bodies need to work together to shift that traditional thought and 
practice structure to include more emphasis on the dissemination and proliferation 
of innovations. 

I strongly recommend that the national role of two outstainding umbrella organi- 
zations with the community and technical college sector be supported, strengthened, 
and expainded through federal support. The Leame for Innovation in the Commu- 
nity College and the Americain Association of Community Colleges both have as- 
sumed national roles in disseminating best practices and educational innovations. 
Both organizations offer conferences, teleconferences, seminars, publications, and 
web sites devoted to disseminating benchmark-quality models of science, mathe- 
matics, engineering, and technology education. 

The Lea^e for Innovation in the Community College is particularly focused on 
catalyzing innovations and reformation of \mdergraduate education and other com- 
munity college services. Since 1968 The League is the only major international orga- 
nization specifically committed to improving community colleges through innovation, 
experimentation, and institutional trainsformation. Change magazine calls the 
League the “most dynamic organization in the community college world.” 

Over its history, the League has worked with nearly every major national edu- 
cational organization and received grants from dozens of major foundations, corpora- 
tions, and government agencies. More than 100 League corporate partners play key 
roles in sponsoring conferences, publications, projects, and other ongoing activities. 
Members of the League board of directors are among the first, and sometimes the 
only, representatives of community colleges to sit on the boards and serve as officers 
for numerous national higher education organizations and corporate advisory coun- 
cils, including: 

• The American Council on Education 

• American Association of Community Colleges 

• American Association for Higher Education 

• Business-Higher Education Forum 

• The College Board 

• Carnegie Foundation for the Advancement of Teaching 

• American College Testing, Educational Testing Service 

• Education Commission of the States 

Clearly, innovation and outreach is accelerated with the support of federal and 
state government and private foundation grants. Public community colleges across 
the country are delivering on their promise of providing solid and accessible higher 
education, but they simply do not have the resources in their general funds for na- 
tional outreach. For this reason, I advocate for the Subcommittee’s passage legisla- 
tion similar to H.R. 3130 (Technology Talent Act of 2001) as well as expanded finan- 
cial support for such federal programs as: 

• National Science Foundation, Advanced Technological Education 

• Carl D. Perkins Vocational and Technical Education Act 

• The Fund for the Improvement of Post-secondary Education 

• Part A of Title III of the Higher Education Act of 1965, as amended. 

Thank you for allowing me to appear today. 

Biography for Steven Lee Johnson 

Provost and Chief Operating Officer, Sinclair Community College, 444 West Third 

Street, Dayton, Ohio 45402; e-mail: steven.lee.johnson@sinclair.edu; phone: 
937-512-5300, 937-512-2128 

Dr. Steven Lee Johnson’s commitment to excellence and innovation has been a 
driving force throughout his career in higher education. As Provost and Chief Oper- 
ating Officer of Sinclair Community College he is central to the shaping of Sinclair’s 
transition to the future. Sinclair is a nationally acclaimed college: One of the 19 
board member colleges of the League for Innovation, one of 12 national Vanguard 
Learning Colleges, and consistently the highest rated higher education institution 
in Ohio for maintaining outstanding financial health. Johnson also has some ac- 
claim, including being named one of Converge magazine’s “Shapers of the Future 
in Technology and Education,” periodically serving on the faculty of professional 
training institutes and summits, and serving as an expert witness on educational 
technology to the U.S. Congress. 
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As a Vanguard Learning College Sinclair strives to continually improve the serv- 
ices and learning experiences for the 22,000 students it enrolls. Johi^on is respon- 
sible for leading the team of Sinclair’s five vice presidents who collertwely manage 
the internal operations of the college. Sinclair’s operations include a $90 m^ion dol- 
lar annual budget, 1,500 full and part-time employees, a camjms appr^ching 2 mil- 
lion square feet of buildings, 300 classrooms and labs, over 2,000 diiierent college 
courses, and several satellite locations within metropolitan Dayton. 

Johnson’s first experience in the lead role of a campus was at the Clearwater 
Campus of the St. Petersburg College District, where he se^ed as the IVovost ^d 
Campus CEO. While there, he designed and developed the Hard Drive C^e and led 
the expansion of the one-stop academic support system that has since been recog- 
nized as an outstanding example of community college innovation. , * j •• 

Johnson earned his Ph.D. from The University of Texas in Educational A(toms- 
tration with a focus on community college leadership. Throughout tus career, he has 
maintained a commitment to the classroom by serving as a college mstructor of var- 
ious courses, including management, technology, developmental writing, ^d com- 
munications. In addition, he has presented at a wide variety of nationm conferences, 
frequently gives keynote addresses to large audiences, and has published severm ar- 
ticles on such topics as managing technology in higher education and mnovations 

in community college leadership. ^ t 4 . 

In addition to his Texas doctorate, Johnson has earned degrees nom Iowa btate 
University of Science and Technology and from the University of Wisconsin-Supe- 
rior. 
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March 4, 2002 



The Honorable Sherwood L, Boehleit 
U.S. Representative, New York, 23"* District 
2246 Rayburn House Office Building 
Washington, DC 20515-3223 



Dear Representative Boehleit: 

In accordance with the Truth in Testimony Rules, the following describes Sinclair’s sources of 
operating funding for the past two fiscal years and a list of federal grants received related to the 
testimony. 



Source 


FY2002 


FY2001 


State Appropriations 


$43.2 million 


$42.6 million 


County Tax Levy 


$20.8 million 


$20.7 million 


Student Credit Fees 


$19.1 million 


17.6 million 


Other (investment income, packing, non-credit 
enrollments, etc.) 


$5.6 million 


$5.6 million 



Federal Grants 


FY2002(TODATE) 


FY2001 


U.S. Department of Labor, Employment and 
Trainins Administration Earmark Grant 


$850,000 


$0 


U.S. Department of Labor, Workforce 
Investment Act (pass through state of Ohio and 
local county agencies) 


$1,800,000 (est) 


$637,465 


U.S. Department of Education, Carl D. Perkins 
(pass through die Ohio Department of 
Education) 


$464,516 


$504,446 


WOTkforce Investment Act, Title II, Adult and 
Family Literacy Act, P.L. 105-220 


$311,716 


$357,950 


U.S. Department of Education, TRIO Programs 


$499,401 


$453,767 


U.S. Department of Justice 


$0 


$2,800 


National Science Foundation 


^ $768,925 


$1,550,696 


NASA 


$162400 


$162,500 



Sincerely yours. 



Steven Lee Johnson 
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Chairman Smith. Thank you. Dr. Davidson. 

STATEMENT OF JAMES NARL DAVIDSON, PH.D., PROFESSOR 
OF MECHANICAL ENGINEERING AND INTERIM DEAN OF EN- 
GINEERING, GEORGIA INSTITUTE OF TECHNOLOGY 

Dr. Davidson. Mr. Chairman, I am honored to appear before tMs 
Committee and thank you for the opportunity. I would like to give 
you a brief summary of my written statement. I will concentrate 
on engineering education and, in particular, the recruitment and 
retention of under-represented groups at Georgia Tech. 

The programs we have used to enhance the diversity of our com- 
munity fall into three broad categories. First, we try to encourage 
middle school and high school students to pursue education in 
science and technology. There are several groups on campus that 
run summer programs for middle and high school students. They 
are part recruitment, but the primary purpose is to expose the 
attendees to science and engineering as career choices. r>Ti?rv 

We administer an exceptionally effective program called Gif i , 
the Georgia Industrial Fellowships for Teachers. The year round 
program is designed for high school and middle school science and 
mathematics teachers. It begins with a six to eight week su mm er 
experience, in which teachers work with a mentor in business, re- 
search, or other science based orgamzation. Teachers experience 
scientific inquiry and see the application of new technologies in the 
workplace. The teachers are lii^ed to interdisciplinary professional 
networks and returned to their classrooms renewed and empow- 
ered to teach technical subjects. 

Georgia Tech has taken advantage of the NSF program. Grad- 
uate Teaching Fellows in K Through 12 Education, to place several 
pairs of science and engineering Ph.D. students in high school 
classrooms in the metro Atlanta area. These students, the group 
there is about half female and half minority, not only enhance the 
instruction in the technical areas, but serve as excellent role mod- 
els for pre-college students. , ^ • 

I am particularly proud of a program the College of Engmeenng 
has initiated in public high school in Rockdale Coui^y , Geoi^a. 
Three years ago, we entered an agreement with the R^kdale 
County School Board to help to establish the Rockdale County 
Magnet Program with a focus on information and communication 
technologies. Georgia Tech has provided instructional help, advice 
on curriculum, some equipment, and enthusiastic support. The 
dents are taught how to design, carry out, and report rese^ch 
projects. In its three years of existence, students m the Rockdale 
Magnet Program have almost taken over the regional and state 
science fairs and have come to understand that the skills they 
learn and the research experience help them to excel in all their 
classes. 

Second, we recruit undergraduates, graduate students, and fac- 
ulty members from under-represented groups. We have a ve^ 
strong partnership with the four undergraduate institutions at the 
Atlanta University Center, the Morehouse College, Spellman Col- 
lege Morris Brown College, and Clark Atlanta University. Stu- 
dents at any of these schools who meet the admissions criteria may 
transfer to Georgia Tech at the end of their third year, take two 





years of engineering subjects in a particular discipline, and grad- 
uate with both a degree from their AUC school and an engineering 
degree from Tech. About 80 students choose this path each year. 
Tech has initiated a discussion with the Miami-Dade County Com- 
munity College in Florida to develop a similar transfer program for 
Hispanic students. 

In January 1991, we started a small program designed to encour- 
age African-American students from around the Nation to consider 
graduate school in engineering and built it around Atlanta’s cele- 
bration of Martin Luther King, Jr. birthday. We called it FOCUS 
and it was a resounding success. This past January, we invited 
over 350 excellent students to the 3-day FOCUS program. We hope 
to have encouraged most of these students to go to graduate school. 
We know it has made a difference at Georgia Tech. Last year. Tech 
graduated 11 percent of the Ph.D.’s in engineering earned by Afri- 
can-Americans in this country. 

Finally, we work to retain the students already on campus. Noth- 
ing creates enthusiasm for learning like participating in meaning- 
ful research projects. One of the most effective programs has been 
the Research Experience for Undergraduate supplements to Na- 
tional Science Foundation grants. We encourage all of our faculty 
members who have such grants to request REU funding and in- 
volve their good undergraduates in the work in their labs. The cor- 
relation between a student’s involvement in research and satisfac- 
tion with their undergraduate experience is very strong. 

Effective retention invariably requires cultural change, and 
change in academics is slow. One change agent has been the good 
work of Georgia Tech’s two NSF engineering research centers; one 
in electronic packaging and one in tissue engineering. Because of 
the NSF emphasis on the transfer of the research results to the 
curriculum, the centers have materially impacted the classroom ex- 
perience of many students in science and engineering. Exposure to 
the results of a large, relevant research program has obviously 
been beneficial for the enthusiasm and, hence, retention of a large 
number of students. 

There are no silver bullets in the recruitment and retention of 
good, technically talented students. We need to encourage new 
ideas and to try lots of experiments. We also must attack the prob- 
lem from all sides by encouraging pre-college initiatives for stu- 
dents and their teachers, enhancements of the university and col- 
lege experience for undergraduate and graduate students, and in- 
crease in the diversity of the academic faculties in science and en- 
gineering. To this end, I recommend the following: Provide a mech- 
anism for fast response to grant requests for small experimental 
pro^ams. Facilitate the sharing of ideas among different constitu- 
encies by helping to sponsor conferences on recruiting. Provide in- 
creased opportunities to middle and high school science and math 
teachers to have meaningful industrial or research experiences. 
Allow some non-traditional groups to help with the problem. Con- 
tinue the strong support of science and engineering research in the 
colleges and universities. And enact the Tech Talent Act, House 
Bill 3130. This bill is very flexible. It woiild allow the NSF to im- 
plement most of the recommendations listed above. The engineer- 
ing education community strongly supports this bill. 
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Many of the things I have told you are examples of tech, but I 
want to make it clear that the engineering education community is 
very committed to the development of strong science and tech- 
nology programs and diversity in both our students and laculty. 
The most important element of our success in attracting good stu- 
dents, faculty, and developing a diverse population is the clear in- 
tention to do so. We try to communicate a clear and consistent mes- 
sage. We want the best students we can attract. The best students 
will be a diverse group, and we will do what it takes to accomplish 
this goal. In that environment, we are not afraid to try n^ ideas, 
and failure at some efforts is just a learning experience, but then 
we are scientists and engineers. 

Thank you for the opportunity to speak today. 

[The prepared statement of Dr. Davidson follows;] 



Prepared Statement of James Narl Davidson 

Sustained economic growth in the twenty-first centu^ wiU depend in large meas- 
ure on the productivity increases resulting from scientific and technolo^cal inno 
tion To participate in this growth, the United States must msure an adequate sup- 
ply of technicaUy and scientifically trained talent to create ^d develop new ideas 
Georgia Tech is dedicated to producing such t^ent. I would like to discuss some of 
the challenges we face in recruiting and retaining good students, some programs we 
have found to he effective in meeting those challenges, and some recommendations 
for future programs which can enhance that effectiveness. I will concentrate on en- 
gineering education, and in pedicular, the recruitment and retention of under-rep- 
resented groups in our population. . ^ 

Greorgia Tech is a large research umversity with a good reput^ion for engineenng 
education. We have produced more engineering degrees over the last decade th^ 
any other engineering school in the country. Our re^tation mid rel^ively low 
tion allow us to attract a very good pool of well-quahfied applicants. 
are some significant chaUenges. As stated in the vision statement of the Cdlege of 
Engineering, we are committed to be a national leader not only in tec^ology deve 
op^nt, hut also in educating a workforce that is diverse and gloh^ly aware. Our 
major efforts in the recruitment and retention of undergraduate students have been 
directed at developing the diverse educational commumty that will allow us to meet 
this goal. Because faculty and students at all levels are inseparably involved in the 
research and education at Georgia Tech, there are recnutment and retention efforts 

directed at all members of our community. ,ro„o,.ai 

The programs we have used to enhance student diversity fall into three general 
categories: (1) encouragement of middle school and high school students to P^sue 
education in science and technology; (2) recruitment of undergraduates, graduate 
students and faculty members fi"om under-represented groups, and (3) retention ot 
students already on campus. 

Middle and High School Programs 

There are several groups on campus that run summer programs wMch 
recruitment but are primarily directed at providing mid^e and high school students 
with an exciting scientific and technological experience. These programs vary among 
weekend events, day-camp experiences, and week long residential camps using cam- 
pus housing. The clear purpose is to expose the attendees to science and engineering 
as career choices. 

The Office of Minority and Special Programs, a unit of the College of En^eer- 
ine offers, five pre-college programs directed at students from the fatth ttaougti 
the twelfth grade. Some of these programs, such as the successful Minority In- 
troduction to Engineering, are directed to minority students, but most are open 
to all The Center for the Enhancement of Instruction m Saence, Mathematics, 
and Engineering (CEISMC) is operated by the CoUege of Sciences and proiudes 
similar programs for pre-college women students. The pro^ams are funded by 
grants from private foundations and corporations, fees collected ftom partici- 
pants, and some discretionary funds available to the College of Engineenng. 

SECME, Inc., originally the Southeastern Consortium for Minorities m Engi- 
neering is an independent educational alliance organized in 1975 by Geor^a 
Tech Still housed on campus, it partners with schools, departments ot eau- 
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cation, and corporations to strengthen the capacity of K-12 teachers in science 
and engineering. SECME does hold some programs for students but always 
works through the local teachers. It solicits its funding primarily from corpora- 
tions and foundations, but also receives significant federal support from NASA. 

The College’s Women in Engineering program also operates a week-long, sum- 
mer program for high-school girls that introduces them to the various dis- 
ciplines of engineering. Because many of the engineering faculty participants 
are women, the participants are exposed to women engineers, often for the first 
time. 

CEISMC administers an exceptionally effective program called the Georgia Indus- 
trial Fellowships for Teachers, or GIfT. The year-round program is designed for 
high school and middle school science and mathematics teachers. It begins with a 
six to eight week summer experience working with a mentor in business, research 
or informal science organization. Teachers experience scientific inquiry or applica- 
tions and uses of new technologies in the workplace. Through GIFT, teachers linked 
through interdisciplinary professional networks return to their classrooms renewed 
and empowered. GIFT was initiated in 1990 by the Georgia Institute of Technology 
with the assistance of the Triangle Coalition for Science and Technology Education 
in Washington, D.C., and the California-based Industry Initiatives for Science, 
Mathematics, and Engineering (IISME). The GIFT Advisory Council is chaired by 
Dan McGlaughlin, President and CEO, Equifax, Inc., and statewide leadership has 
been provided by Georma Power Company. 

Georgia Tech has tsien advantage of the NSF program. Graduate Teaching Fel- 
lows in K-12 Education, to place several pairs of science and engineering Ph.D. stu- 
dents in high school classrooms in the metropolitan Atlanta area. The feedback from 
the schools has been very gratifying. It is clear that these students, a group that 
is about half female and half minority, are not only enhancing the instruction in 
technical areas but are serving as excellent role models for young men and women 
who might not otherwise have considered careers in technical fields. 

I am particiilarly proud of a program that the College of Engineering has initiated 
in a public high school in Rockdale County, Georgia. Three years ago, at the sugges- 
tion of a successful Tech alumnus living there, we entered an agreement with the 
Rockdale County School Board to help establish the Rockdale County Magnet School 
within Rockdale High School. The focus of the magnet school is on information and 
commiinication technologies, fields that mesh with important local industries. Geor- 
gia Tech has provided instructional help, advice on curricxxlum, some equipment, 
and enthusiastic support. Gifts from local corporations and interested individuals 
have provided financial support. The magnet school students and teachers are rou- 
tinely brought to the Tech campus for lab demonstrations, tours of facilities, and 
celebrations of success. The curriculum includes a very important class in research 
in each of the four years of the program. The students in these classes, which are 
not discipline specific, learn the techniques necessary to design, carry out, and re- 
port research projects. In its three years of existence, the Rockd^e Magnet program 
has almost taken over the regional science fair, has garnered many of the top prizes 
at the state level, and sent students to the national competition. More importantly 
the students have come to understand that the skills they learn in the research ex- 
perience have helped them to excel in all of their classes. It is most gratif^ng to 
see the confidence these students have, to know they have a real appreciation for 
the values of science, and to experience their enthusiasm for pursuing scientific and 
technical careers. 

Recruiting Students to Geoi^a Tech 

As mentioned above, most of Georgia Tech’s student-recruiting efforts are directed 
at under-represented groups. Besides the programs for high school students de- 
scribed previously, we have several programs designed to allow minority students 
at liber^ arts schools to transfer to Georgia Tech to receive their engineering de- 
grees. 

We have a very strong partnership with the four undergraduate institutions of 
the Atlanta University Center: Morehouse College, Spellman College, Morris 
Brown College, and Clark Atlanta University. Students at any of these schools 
who meet the admissions criteria may transfer to Georgia Tech at the end of 
their third year, take two years of engineering subjects in a particular dis- 
cipline, and CTaduate with a BS or BA degree from their AUC school and an 
engineering degree from Tech. The AUC schools can use the availability of this 
dual-degree program to attract good students, and Tech graduates some excep- 
tional engineers — about eighty per year — who have chosen this path. 
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Tech has initiated a discussion with Miami-Dade County Con^unity College in 
Florida to develop a similar transfer program for Hispanic students. 

The strength of our undergraduate programs is dependent on the quality of our 
faculty and is intimately tied to our strong graduate programs. Georgia Tech is con- 
sequently quite active in the recruitment of graduate students, and we have speaal 
interest and programs in attracting, minority students and women. Since attracting 
excellent graauate students is a core function, it is funded almost exclusively 
temal sources. However, the support of graduate education would be impossible 
without the strong support of federal funding for research in science and tectaoloj^ 
from a variety of agencies or without the availability of the many fellowships tor 
graduate education. 

In January, 1991, we started a small program in the College of Engineering de- 
signed to encourage African-American students from around the nation to con- 
sider graduate -school, and built it around Atlanta’s celebration of the birthday 
of Martin Luther King, Jr. We called it FOCUS, and it was a resoun^g suc- 
cess The program has grown and has become an Institute-wide effort mvolvmg 
all of the colleges at Tech. This past January we invited over 350 superb stu- 
dents to the three-day, eleventh running of the FOCUS program. We certainly 
benefit in that about a third of the invitees will end up attending graduate 
school at Georgia Tech. However, we believe twice that number are encouraged 
to pursue a graduate education they may not have considered, and that is its 
real benefit. It is an expensive program, funded by internal resoi^ces and cor- 
poration grants, but it is clearly successfW. Last year, Georgia Tech granted 
eleven Ph.D. degrees in engineering to Afirican- Americans; the total number for 
all programs in the United States was 96. 

The Facilitating Academic Careers in Engineering and Science (FACES) is a 
National Science Foundation sponsored collaboration among the Collie of En- 
gineering, the College of Sciences, Morehouse College, and Mellman College. It 
is designed to increase the number of Afincan-American^ students r^eiving d^- 
toral degrees in science and engineering with the specific goal of increase^ the 
nrunber of these individuals entering the professoriate. The ultimate gom is to 
alter the face of the science and engmeering faculty. Tlie progr^ identifies up- 
perclassmen in the three participating institutions, involves them m re^arch 
as undergraduates, and encourages them to pursue graduate educaticm. If they 
choose to continue the students become eligible for a supplementary fellowship 
support from the FACES program. 

Retention 

Georgia Tech has many programs designed to enhance the success and ultimately 
the graduation rate of its undergraduate students. Some are specifically designed 
to help students over the hurdles of the first couple of years of a demanding cur- 
riculum: tutoring programs, discipline specific living arrangements for fi^st year stu- 
dents, etc. Some of these are quite successful, but I believe the real objec^e is to 
enhance the educational experience. Good graduation statistics will follow. Here are 
some programs that have been particularly effective. 

Nothing creates enthusiasm for learning like participating in meaningfiil re- 
search projects. One of the most effective programs has been the R^earch Ex- 
perience for Undergraduate supplements to National Science Foundation 
grants. We encourage all of our faculty members who have such grants to re- 
quest REU fimding and involve their good undergraduates in the work in their 
labs. The correlation between a student’s involvement in research and satisfac- 
tion with their undergraduate experience is very strong. 

Georgia Tech was a participant in the SUCCEED coaUtion, one of the National 
Science Foundation’s Engineering Education Coalitions. Many SUCCEEEjmitia- 
tives contributed to the enhancement of en^eering education at Tech. The in- 
stitution of design courses in the first couple of years, a uniform assessment ot 
the climate for engineering education across several schools, the design of better 
teaching evaluation instruments for students, and the initiation of a process for 
peer evaluation of teaching were all positive actions resulting from our partici- 
pation in SUCCEED. 

Following a particular instance of gender insensitivity in a widely attended 
seminar, the College of Engineering and the College of Sciences designed and 
ran a gender equity workshop for faculty. Based on much of the work of David 
and Myra Sadker, and drawing on similar workshops at Purdue University and 
Cornell University, the volimtary workshop was presented to a majority of the 
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faculty at Georgia Tech. The feedback from the participants was almost uni- 
formly positive. Many commented that the workshop raised issues of which they 
were previously unaware and that it had significantly changed their style of 
teaching. 

The most important tasks in enhancing the educational environment for all stu- 
dents involve a change in the culture and are consequently difficult and exceedingly 
slow. When we institute a new retention program, its focus is usually short term, 
and unfortunately so are its effects, no matter how meritorious they maybe. Below 
are some programs that have produced real cultural change. 

CJeorgia Tech has two NSF Engineering Research Centers, one in electronic 
packaging and one in tissue engineering. Because of the NSF emphasis on the 
transfer of the research results to the curriculum, the centers have materially 
impacted the classroom experience of many students in science and engineering. 
Exposure to the results of a large, very relevant research program has obviously 
been beneficial to the enthusiasm and hence retention of a large number of stu- 
dents. Several have taken advantage of the opportunity to work in the centers’ 
labs. In general, the presence of large active research programs has a very posi- 
tive effect on undergraduate education that goes far beyond the obvious. Stu- 
dents know of the programs and take pride in them. The size of the programs 
encourages showcases collaboration among many disciplines. 

In the 1998—99 school year, the College of Engineering undertook an extensive 
program to look at the climate for women undergraduates, women graduate stu- 
dents, and women faculty. The survey exposed several problems that were 
qxiickly fixed, and let to some longer term initiatives that will certainly enhance 
the climate for women. But the most important effect was raising the of aware- 
ness of women’s issues in the whole community. The fact that an assessment 
was important to the administration of the College changed the culture in many 
ways. A similar effort for minority faculty is in process this year. 

High profile efforts to recognize women and minority faculty have proven very 
beneficial in changing the climate. We are currently participating in the Na- 
tional Science Foundation’s ADVANCE program to promote the success of 
women faculty, and a recent ^ant from the Roberto Goizueta Foundation has 
provided the means to recognize and offer supplementary support to our excel- 
lent Hispanic faculty. 

Needs & Recommendations 

There are no silver bullets in the recruitment and retention of good, technically 
talented students. We need to encourage new ideas and to try lots of experiments. 
We also need to attack the problem from all sides by encouraging pre-college initia- 
tives for students and their teachers, enhancements of the university and college ex- 
perience for undergraduate and graduate students, and an increase in the diversity 
of the academic faculties in science in engineering. To this end, I recommend the 
following. 

Provide a mechanism for fast response to small experimental programs. 

Facilitate the sharing of ideas amongst different constituencies by 
helping to sponsor conferences. The NSF engineering education coalitions 
provide a good model. 

Provide increased opportunities for middle and high school science 
and math teachers to have meaningful industrial or research experi- 
ences. Most high school science teachers I know are competent in their dis- 
cipline, but have never put their knowledge to use in practical applications. 
Some ‘‘real-world” experiences could give them a world of confidence in their 
abilities. 

Allow some non-traditional groups to help with the problem. For exam- 
ple, it is difficult for a place such as Georgia Tech to compete for grants directed 
at high school curricular issues because we do not have a College of Education. 
But our experience with the magnet program in Rockdale County shows we do 
have something to offer. 

Continue the strong support of science and engineering research in the 
colleges and universities. Such research is really the base on which all edu- 
cation rests. 
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Enact the “Tech Talent Act,” H.R. 3130 . This bill is very flexible and would 
allow the National Science Foundation to implement most of the recommenda- 
tions listed above. 

Conclusion 

I believe the most important element of Georgia Tech’s success in attracting good 
students, good faculty, and developing a diverse population is the clear intention to 
do so. From the President on down there is a clear and consistent message: we want 
the best students we can attract; the best students will be a diverse group; and we 
will do what it takes to accomplish our goal. In that environment, we are not afraid 
to try new ideas, and failure at some is just a learning experience. But then. . .we 
are scientists and engineers. 

Biography for James Narl Davidson 

Office of the Dean of Engineering, Georgia Institute of Technology, Atlanta, GA 
30332-0360; (404) 894-3350 

PRESENT POSITION: 

Interim Dean, College of Engineering 

EDUCATION: 

Bachelor of Engineering Physics, Cornell University, 1963 
M.S. in Nuclear Engineering, University of Michigan, 1964 
Ph.D. in Nuclear Engineering, University of Michigan, 1969 

EMPLOYMENT: 

Georgia Institute of Technology: 

1990-Present — ^Associate Dean, College of Engineering 

1983-1990 — ^Associate Professor and Associate Director, Mechanical Engineering 
1973-1983 — ^Associate Professor, Nuclear Engineering m_ •• 

1977-1985 — Consultant, Tennessee Valley Authority, Power Operations Traimng 

1977-1980 — Consultant, Oakridge National Laboratory, Fusion Division 
1975_Visiting Scientist, Argonne National Laboratory, Fusion Division 
1971 — ^Visiting Scientist, Gulf Energy & Environmental Systems, Fusion Group 
1970-1973— Assistant Professor, Texas A&M University, Nuclear Engineering 
1969-1970— AEG Postdoctoral Fellow, University of Michigan 

PROFESSIONAL: 

Member, American Society of Mechanical Engineers 

Member, Society of Sigma Xi . . xt i xn 

Member, Americ an Society for Engineering Education; Past Chmrman, Nuclear En- 
gineering Division 

HONORS AND AWARDS: 

American Nuclear Society’s Mark Mills Award — 1969 .ox*- tt • 

Student Engineering Council’s Outstanding Teacher Award, Texas A&M Univer- 
sity — 1973 

Outstanding Teacher Award, Georgia Tech — 1977 

Engineer ofthe Year in Education Award, Atlanta Section, ASME — 1988 

REPORTS AND PUBLICATIONS: 

1. “A Study of Plasma Stability in Sheared Magnetic Fields.” Nuclear Fusion, 8, 
203 (1968) with T. Kammash. 

2. “Drift Cyclotron Instabilities in Sheared Magnetic Fields,” Bull. Amer. Fhys. 
Soc., 14, 1078 (1969) with T. Kammash. 

3. “Shear Stabilization of Drift Cyclotron Instabilities in Plasma,’ Trans. Amer. 

Nucl. Soc., 12, 722 (1969). . _ „ ■ /• 

4 “Shear Stabilization of Drift Cyclotron Instabilities m Plasma, Fhysics of 

Fluids, 13, 721 (1970) with T. Kammash. , ^ . .u 

5 “The Equivalence of 'Two Approaches to Drift Waves m Sheared Fields to the 
Eikonal Method,” Bull. Amer. Phys. Soc., 15, 1439 (1970) with T. Kammash 

6. “Eikonal Approach to Drift Waves in Sheared Fields,” Physical Review A4, 1260 

(1971) with T. Kammash. >. u ;; 

7 “Enhanced Diffusion Due to Small Nonaxisymmetry in Toroidal Plasma, Bull. 
Amer. Phys. Soc., 16, 1297 (1971) with D.K. Bhadra. 




g Q BESTCOPY AVAILABLE 



56 



8. ‘The Effect of Small Asymmetry in Plasma Diffusion in Toroidal Systems,” Gulf 
General Atomic Report No. A10838 (1971) with D.K. Bhadra. 

9. “Neutron and Gamma Heating Rates in Fusion Reactor Blankets,” Technology 
of Controlled Thermonuclear F\ision Experiments and the Engineering Aspects 
of Fusion Reactors, USAEC Conf-721111, 931 (1972) with R.T. Perry and W.H. 
Kohler. 

10. ‘The Induced Activity and Decay Power of the Structure of a Stainless Steel Fu- 
sion Reactor Blanket,” Proceedings of the First Topical Meeting on the Tech- 
nology of Controlled Nuclear Fusion, Vol. 1 USAEC Conf-740402-Pl (1974) 
with D.W. Nigg. 

11. “Fusion Power: Prospects and Impact,” Proceedings of the National Electronics 
Conference, 29, 113 (1974). 

12. “The Effect of Toroidal Field Ripple on Trapped Particle Transport in 
Tokamaks,” SuZZ. Amer. Phys. Soc., 20, 1240 (1975). 

13. “Effects of Toroidal Field Ripple on Particle and Energy Transport in a 
Tokamak/" Nuclear Fusion, 16, 731 (1976). 

14. ‘Trapped Particle Drift Orbits in the Presence of Toroidal Field Ripple in a 
Tokamak,” Bull. Amer. Phys. Soc., 22, 1179 (1977) with C.C. Chapin. 

15. “The Electrostatic Sheath Potential for a Hot, Multispecies Plasma,” Bull. Amer. 
Phys. Soc., 22, 1208 (1977) with A.T. Mense. 

16. “Injection Scenarios in TNS,” Trans. Amer. Nucl. Soc., 27, 89 (1977) with J.A. 
Rome and Y-KM. Peng. 

17. “Energy Engineering Education for the 21st Century,” Journal of the Power Di- 
vision, Proc. ASCE, 104, 35 (1978). 

18. “The Consistency of Differential and Integral Thermonuclear Neutronics Data,” 
LASL Report, LA-70670T (1978), with W.A. Reupke and D.W. Muir. 

19. “Bum Phase Control in Short F^se D-T Burning Tokamak Reactors,” Trans. 
Amer. Nucl. Soc., 30, 32 (1978), with W.M. Stacey, Jr. 

20. “Divertor Sheath Revisited,” Bull. Amer. Phys. Soc., 23, 896 (1978) with G.A. 
Emmert and A.T. Mense. 

21. “Magnetohydrodynainic Coolant Flows in Fusion Reactor Blankets,” Annals of 
Nucl. Energy, 6, 499 (1979), S. Khan. 

22. “Energy Engineering Education for the Twenty First Centiiry: A Viewpoint,” 
Engineering Education (1979), with L.E. Weaver. 

23. “The Collisionless Plasma Sheath Equation with Hot Volumetric Sources,” Pro- 
ceedings of the 1979 IEEE Inter. Conf On Plasma Science, (1979), with R.M. 
Weiland, G.A. Emmert, and A.T. Mense. 

24. “The Electric Sheath and Pre-sheath in a Collisionless Finite Ion Temperature 
Plasma,” Trans, of the 1979 Sherwood Meeting, paper 2C80 (1979) with G.A. 
Emmert, R.M. Weiland, and A.T. Mense. 

25. “The Potential Drop Across the Electrostatic Sheath of a Divertor Collector,” 
Trans. Am. Nucl. Soc., 32, 75 (1979), with G.A. Emmert, R.M. Weiland, and A.T. 
Mense. 

26. “The Use of Field Ripple for Bum Phase Control in Short-Pulse Tokamak Reac- 
tors,” Georgia Tech ^sion Research Report GTFR-9 (June 1979), with W.M. 
Stacey, Jr. 

27. “Desl^p Calculators in the Nuclear Engineering Laboratory,” Invited, Trans. 
Am. Nuclear Soc., 33, 108 (1979). 

28. “Academic Involvement in Shift Technical Advisor Training,” Trans. Am. Nu- 
clear Society, 35, 40 (1980) with L.H. Sain. 

29. “A Model for Ripple Transport in Tokamaks for Realistic Ripple Contours,” 
Trans. Am. Nuclear Soc., 35, 137 (1980) with A.W. Engel. 

30. ‘Tlasma Transport and Impurity Behavior in the Edge and Divertor Regions of 
a Tokamak,” Proc. 8th Inter. Conf On Plasma Physics and Controlled Nuclear 
Fusion Research, IAEA-CN38/Y-3 (July, 1980), with J.D. Callen, et al. 

31. “Electronic Sheath and Pre-sheath in a Collisionless, Finite Ion Temperature 
Plasma,” Phys. Fluids, 23, 803 (1980), with G.A. Emmert, R.M. Wieland, and 
A.T. Mense. 

32. “Consistency of Neutron Cross-Section Data, Sn Calculations, and Measured 
Tritium Production for a 14 MeV Neutron Driven Sphere of Natural Lithiu Deu- 
teride,” Nuclear Science and Engineering, 82, 416 (1982), with W.A. Reupke and 
D.W. Muir. 

33. “An Analysis of the Plasma Impurity Influx from Alkali-Metal Coatings for Fu- 
sion Reactor Applications,” Journal of Nuclear Materials, 111, 448, (1982), with 
A.B. Dewald, A.R. Kraus, and D.M. Gruen. 




61 



BEST COPY AVAILABLE 




Georgia 

College of Engineering 
Office of the Dean 



March 4, 2002 



The Honorable Nick Smith 
Chairman, Subcommittee on Research 
2320 Rayburn Office Building 
Washington, DC 20515 

Dear Congressman Smith: 

Thank you for the invitation to testify before the U.S. House of Representatives 
Committee on Science, Subcommittee on Research, on March 7, 2002 for the hearing 
entitled Meeting the Demands of the Knowledge Based Economy: Strengthening 
Undergraduate Science, Mathematics, and Engineering Education, In accordance with 
the Rules Governing Testimony, this letter serves as formal notice that I personally have 
no Federal funding at the present time. 



Sincerely, 




Interim Dean 



College of Engineering 
Ariania, Georgia 30332-0360 U.S.A. 

JIHINR 404*894*3350 
FAX 4O4-«94*0168 

A L/rtif I hr Ihi SMtem M r.jwrf rducathn itmt Emptof/mntt 0;r;w/ litstitutian 




62 



BEST COPY AVAILABLE 



58 



Discussion 

Chairman Smith. Dr. Davidson and all, thank you very much. 
Without objection, the written testimony of Elaine Oakland, on be- 
half of the Coimsel of Undergraduate Research, will become part 
of the official record, as well as Jeannie Nairn, the Director of 
BCAL, is also going to submit testimony. 

With that, I will start my five minutes. Let me start by getting 
your impression of the problems of taking away potential research- 
ers that might otherwise go into the graduate work, the Master’s 
and Doctoral programs, but the lure of business and industry to 
hire these individuals out with a Bachelor’s degree, is that pretty 
serious? Especially, in engineering, my imderstanding is they are 
reaching in there with $40,000 to $60,000 salaries with a B.S. Is 
that a problem? And then the other part of the question, how about 
the hiring away of the real seed com, and that is the professors? 
Give me your comments, starting with you, Dr. Wieman, and going 
across. 

Dr. Wieman. I mean, I think these are issues, but frankly, I am 
not sure they are ones that an 5 dhing like the National Science 
Foundation can solve. I mean, our coimtry is based on free market 
system. Right? And so if they get hired away, then people have a 
freedom of choice. What the important issue is, to try and make 
students aware that there really are attractive alternatives with 
very interesting fulfilling things you can do. And I think that is 
where we fail. So we could get enormously more students who — or 
we could 

Chairman Smith. Well, that is the market, but if we doubled the 
stipend or whatever for additional, then that loan obligation would 
look more feasible to stay in school maybe? 

Dr. Wieman. Yes, that is true. I mean, if there was more support. 
But I think it is really showing there are attractive alternatives in 
the subject, which would help more, frankly. I mean, there are so 
many who just don’t realize that there are reasonable careers in 
these fields. 

Chairman Smith. Dr. Howard, any comment? 

Ms. Howard. No. 

Chairman Smith. Dr. Wubah? 

Dr. Wubah. What I would like to add to it is I think most stu- 
dents who end up going into the job market just after their bacca- 
laureate degree do so for various reasons. We keep talking about 
the pipeline effect. I think we should be thinking about the path- 
way effect, because there are people who would go out of — that is 
after baccalaureate degree — go out to work for a couple of years, 
but would go back to graduate school. We should provide them with 
opportunities to be able to do that. That is something that we tend 
to forget. So that is something that this H.R. 3130 should provide 
so that those who go out and would like to come back to continue 
academics can do so. 

With regards to losing the professorate to industry, I fully believe 
that teaching as a profession is a calling. And those who go into 
teaching, who for whatever reason leave the professorate, try to 
keep their hands in teaching by being part-time teachers some 
way. So I think we have to make it physically and something that 
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we can at least support these people. But those who are committed 
to teaching stay in teaching one way or the other. 

Dr. Johnson. I woiild agree that losing well-trained science and 
math faculty and scientists is a major issue, and so I agree with 
that — big problem. Another problem is the fact that there are all 
those potential young folks out there that 10 years from now or 20 
years from now, will never be scientists, or facility, or teachers, be- 
cause we don’t have the programs in place right now to give them 
incentives to go into that. 

Chairman Smith. And so. Dr. Davidson, maybe include in your 
answer also taking talent, teaching talent, out of the classroom in 
terms of demands of a lot of universities to require research and 
writing from the professors so some of the greatest professors are 
spending a lot of time outside the classroom. 

Dr. Davidson. I think it is actually the other way around for us. 
We are very successful in attracting people out of industry to come 
into the university. So some of our most effective faculty members 
are people who we have taken from research labs at IBM, or Xerox, 
or wherever. So it works both ways and that doesn’t seem to be a 
problem for us. 

Chairman Smith. How many of your institutions have some kind 
of a tracking program, what happens to these students? Part of our 
concern after — part of my concern after September 11 is where do 
we go on foreign students that have been a significant contribution 
to our graduate program and our research program. Do your insti- 
tutions track what happens to your students that are graduating, 
either undergraduate or postdoctoral? I will start with you, Dr. Da- 
vidson. 

Dr. Davidson. That is a very difficult job. We try the best we can 
because we want some feedback for assessment purposes, and it is 
incredibly difficult to track them beyond a few years and except 
through alumni organizations. ... 

Chairman Smith. And so even in terms of does the umversities 
know or should we have a better knowledge, and we should. How 
many of these graduate students go back home to their home coun- 
tries that are coming in from foreign countries? Fifty years ago, 
most of them stayed in the Unites States because that is where the 
greatest rewards were. Now we see more going home, but we dont 
ll£lV0 cX£LCt — 

Dr. Davidson. We know what they do initially, and you are 
right, we do see more of them returning to their home countries 
where the economies can absorb them now where they couldn t be- 

fore. , ^ • 

Chairman Smith. But tracking, also, not just to the foreign stu- 
dents, Dr. Johnson? 

Dr. Johnson. In the community college systems across the Na- 
tion, there is variance in the states and how they track. Some do 
better than others. Basically, we do have a good idea of how many 
transfer to senior institutions to continue their studies. Lots and 
lots of our students go right into industry, into jobs in the work- 
force, and continually come back to us. So we have a pretty good 
handle on that, also. 

Chairman Smith. Dr. Wubah, any comments? 
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Dr. WuBAH. Okay. Quickly, with regards to tracking, I think the 
alumni offices, they normally are charged with tracking students 
and what they do after they leave, so they are good at that. With 
regards to students going back, or foreign students getting their 
graduate degrees in the U.S. and going back, and I think two 
weeks ago, there was an article in Science that talked about the 
fact that European countries are making a concerted effort to re- 
cruit all the nationals who come here to get their Ph.D. back to 
those covmtries. So that is something that I think we should be 
mindful of, that we have to start encouraging people and growing 
our own scientists instead of rel 3 dng on those who come from out- 
side. 

Chairman Smith. Dr. Howard? 

Ms. Howard. At Swathmore, we have the. advantage that we are 
relatively small. We, actually, have a very good idea where out stu- 
dents go. Every five years we get certified by the American Chem- 
ical Society, our curriculum, and that includes a report where we 
have to say where all of our graduates have gone, and so we have 
this for the last 20 years. Every five years we have — we know what 
school they went to, what they did and everything, so it is easy for 
us to keep records. 

Chairman Smith. And so Diane, we are going to try to get a 
copy. I don’t know how t)npical Swathmore is, but the tendency is 
to just briefly stay on toward additional education or industry 
or 

Ms. Howard. About 40 percent of our graduates go to — of our 
majors go to graduate school; about 20 to 30 percent go to med 
school, 10 to 15 percent do related careers, and about 10 percent 
decide science isn’t for them. 

Chairman Smith. Dr. Wieman. 

Dr. Wieman. Yes. So in physics, the community, actually, 
through the American Institute of Physics, tracks fairly carefully a 
lot of these statistics. Within our own institution, we do a reason- 
able job of tracking things. I mean, within physics, over half the 
graduate students now are foreign, and I think it is clear that the 
great majority of those stay in the U.S. after they graduate. So in 
some sense, that is a big group of — we are pulling in talent from 
all over the world. Other countries are getting more sensitive to 
this and, in fact, are setting up programs to try and lure these 
back, but so far it is a relatively small impact, but it could become 
larger in the future, because there clearly is an international battle 
shaping up to try and attract these people. 

Chairman Smith. Well, I need some follow-up, but Mr. 
Etheridge. 

Mr. Etheridge. Thank you, Mr. Chairman. Let me thank you for 
holding this hearing, because I think it is a very important one on 
the issues as we think about where we are headed in the 21st cen- 
tury, and let me thank these experts for their knowledge and ex- 
pertise this morning on this very important topic. The engineering 
and technology fields are so critical to us. 

I know that our hearing here this morning is on undergraduate 
education, but my experience, having been a state superintendent 
of schools before coming here, I can say with a certain level of con- 
fidence that a lack of preparation of science and mathematics of 
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many of our high school and middle school students at^ that level, 
clearly, plays a role in how many students we have available to us 
at the university level. And we haven’t talked about this, this 
mo rni ng, but I am going to give you an opportunity in just a 
minute. Further, many of these students only take one or two 
courses. They are just not available to them so that they can move 
to the advanced levels of math and science. It has been my experi- 
ence that, you know, if you don’t take algebra, you don’t get any 
other courses, and that tends to be the filter that keeps all of them 
out, or many out. In terms of courses offered and taken in high 
school, recent data shows that 1/3 of high school students did not 
offer any advanced courses in science and another 28 percent of- 
fered advance science only in one science subject, typically, biology. 
Graduate requirements tend to include far fewer advanced ^d core 
course offerings than most colleges and universities require as a 
minimum to get into college. 

Now, granted, we need the under^aduates, the graduate level, 
and the Ph.D.’s, you know, but I think the true seed com are all 
those students who are missing, that aren’t showing up at the door, 
the minorities, the women, etcetera, because about half of our pop- 
ulation falls in that category. Less than half of the U.S. schools re- 
quire three years of math and just one-quarter of high schools re- 
quire three years of science. Minorities tend to have less access to 
advance science and math courses. I think we have got to do a 
much better job. If we don’t, then the number of undergraduate 
students available at the university level and the commumty col- 
lege level are going to continue to be woefully inadequate for our 
21st century economy that is going to reqinre the very thing we are 
talking about today, we want them to be involved and have knowl- 
edge of math and science, in the jobs that ^e available. The Chair- 
man mentioned the military. Well, that is just one little area. What 
about all of our economy that is tied to technolo^ and all this re- 
search shows that well prepared students in science and mathe- 
matics and academically competent students are more likely than 
other students to persist in their choices of college science majors. 
So if you have had a higher level of courses, you are more likely 
to choose that opportunity when you get to college. 

Having said that, in terms of the policy and practice of instruc- 
tion, curriculum, and student support, what type of reforms or 
modifications do your undergraduate programs undergo that would 
be able to connect science, mathematics, engineering, and tech- 
nology with the students at the high school, and more importantly, 
the middle school level, because if you don’t get them in middle 
school, you are not likely to get them in high school either because, 
you know, that would help them, in my opinion, make those in- 
formed decisions to pursue a career in science or a science related 
field. And Dr. Davidson, let us start on the reverse side this time 
with you at Georgia Tech. 

Dr. Davidson. WeU, I agree with you, Mr. Etheridge, as to that. 
Getting to students in, particularly, middle school is critical. And 
we do have some programs. As I mentioned, we have some pro- 
grams that work directly in high schools with students. We ^o 
have some programs that work with teachers. As I said, the GIFT 
program that we have in Georgia, I think is a model. We have real- 
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ly effected the enthusiasm and confidence to teach technical sub- 
jects of a lot of teachers in Greorgia. I think it is a broader issue, 
however, than just technical talent. We live in a world in which 
technology is pervasive, and it is more than just providing talented 
technicians. It is really teaching everybody some basic science, and 
technology, and mathematics. 

Dr. Johnson. I think, looking at Sinclair, and before I even say 
an 3 d;hing about Sinclair and what we are doing, I would say Cen- 
tral Piedmont in Charlotte has got many, many good models to look 
at as far as the seamless web reaching out into all segments of 
education. 

We have a pro^am at Sinclair called the Young Scholars Pro- 
gram that starts in the 8th grade. It starts with the 8th graders 
and it is a 5-year program. It is an academic enrichment program, 
largely minority students, serving hundreds of students. The suc- 
cess of that program is unbelievable. It is locally funded and it is 
funded with private contributions. If a program like Young Schol- 
ars, which is a proven successful program to increase this seamless 
web, could be proliferated, to be increased and proliferated, there 
you go. I mean, there is an example of, instead of hundreds, we 
would have hundreds of thousands perhaps. 

Dr. WuBAH. The newer of these programs that at JMU we take 
advantage of, the first one is the research experiences for teachers, 
which is a program that supplements the research experiences for 
undergraduates. We have teachers from the high school come to 
James Madison in the summer in our chemistry program and they 
do actual research. And we have extended it to where we require 
them to come with their students, so they come as a group and 
they work with undergraduate students. That is one method that 
we use. In addition to that, there are some private foundations that 
support working with high schools from the university level so the 
GTE Foundation, for example, we have funding from them to work 
with high school students during the sununer. So our program is 
like that. We have students all the way from high school through 
the graduate level, so we approved it for that full gamut. 

Ms. Howard. We have one program at Swathmore that involves 
outreach to high schools. Every summer we get money from HHMI 
to support summer stipends for our college students, but as a stipu- 
lation of getting the money, we must have an outreach program to 
local high schools as weU. So every s umm er we have several high 
school students and several high school science teachers coming in 
to work with Swathmore faculty. 

Dr. WiEMAN. So I mean, I would completely agree with you that 
the K-12 education issue is enormously critical, but I wo^d point 
out that one of the major problems in this is the science and math- 
ematics background of those teachers, and that is one that I think 
needs a lot of attention. Large education departments have largely 
become completely separated from the mathematical and science 
disciplines, and so these teachers who are going to go out to teach 
math and science can learn virtually nothmg about it, and when 
they do take science courses, they are very poorly taught. They 
have — ^you know, at the undergraduate level. So I think that one 
needs to look at both sides of this issue. You have got to prepare 
those teachers better to deal with the issues better. 
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Let me just make one other point on this, and that is that this 
economic issue, I see that happening much more at the K-12 level. 
Students who are good in math and science can earn so much more 
by going off to work in a company that you lose a lot of potential 
K-12 teachers that route, just because of economics. 

Mr. Etheridge. Sure. Thank you. Thank you, Mr. Chairman. 

Chairman Smith. Mr. Baca. 

Mr. Baca. Thank you very much, Mr. Chairman. First of all, I 
want to commend you for having this hearing, as others have indi- 
cated. I think it is a very important topic in an area as we look 
at where we are going to be in the future and, also, the ability to 
recruit students in the science, math, and engineering, and tech- 
nology. But at the same time, I am also very disappointed in one 
sense, Mr. Chairman, that when I look at the panelists, that I don’t 
see a Hispanic panelist or a doctor in that panelist. If we look at 
the diversity of our country and where we are at, and the idea is 
to recruit individuals, and when you look at individuals, they ^so 
become the role models for a lot of us. So from that perspective, 
hopefully, in the future, that we can think of possibly bringing in 
Hispanics as well to participate as part of our panelists. 

From that perspective, I do agree that part of the problem that 
lies ahead of us as we look at recruitment, also, we need to have 
qualified teachers. And that is very important, because if you don’t 
have the qualified teachers at each and everyone of our institu- 
tions, it becomes very difficult. It doesn’t matter whether it is in 
physics, chemistry, algebra, math, whatever the case may be, un- 
less we have the qualified teachers. 

Second of all, I believe that we have also got to have funded pro- 
grams, because what is the cost of a program in comparison to non- 
traditional costs as well, that we have got to assess. Does it cost 
us more then to provide assistance to someone in che^stry, in 
math, in engineering versus some other curriculum in our K 
through 12? I think we need to assess that, because sometimes I 
think the administrators end up taking programs and, yet, these 
are the programs that we have to look at in terms of our future, 
but we are not investing there. And what is it that we are doing 
in terms of recruiting the diversity of the different students? And 
I say diversity, that means inclusive of everybody, in getting stu- 
dents to get into science, math, engineering, and technology. 

I don’t know what kind of outreach or programs that we have. 
I have heard some of those that you have had right here. I have 
read the testimony. I even heard about the MESA program that I 
think is an effective program in a lot of our areas. Nobody has 
mentioned that, too, as well. We are not all from back east, you 
now. Some of us are from the west side and we have effective pro- 
grams in recruiting minorities and others, and looking at some of 
those programs that are very effective. 

IBut I ^so believe that we have got to offer the kind of cur- 
riculum, and when you look at reform, the reform needs to start 
at our K through 12, and unless there is a program that are struc- 
tured, because most of our students who are going there, which be- 
comes very difficult when you are going to a public school, is that 
we don’t offer the curriculum. Then how, in fact, then can they 
transfer to a state college or imiversity and meet those kind of re- 
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quirements when we are not even offering them at schools. So it 
becomes difficult. So what do you do with those students who want 
to get into science, math, and engineering, but it is not offered at 
that public school? So we need a change to make sure that there 
is the requirement for students who are going to our public schools 
that they have an opportunity to take the kmd of curriculum that 
would allow them to transfer to a state college or university. 

My daughter is in an honor program and thank God that they 
have to offer it, but I had to go to I don’t know how many schools 
to make sure that she could teike the right kind of cinriculum so 
she can transfer to a 4-year institution. And that is why the suc- 
cess of an individual being successful or failure is low, because we 
don’t offer that kind of curriculum that will allow those students 
to be successful when they go to a state college or university and 
are taking the courses. So we need to make sure that we do offer 
those at our K through 12, and I think that is the kind of reform 
that I think I heard some of you talk about at the very beginning 
because we normally go on the tradition, and people don’t want 
change, and I think we have got to change. We have got to change 
the traditions and offer the kind of curriculum. 

So what is it that you feel that we need to do if we are really 
looking at a structure and really get students into science, math, 
technology — what it is it that we really need to do and what 
changes really need to be said, not a generic. What is it that we 
really need to do, and I am going to ask all of you, I mean, just 
a simple question, what is it that we reeiUy need to do? What 
changes do we need to make in the way our public schools are run 
right now? What is it in terms of how do we change the kind of 
reform that needs to be done to allow students to make sure that 
he or she takes the kind of curriculum that will allow us to meet 
our demands for the future? Because do you know what, we just 
can’t wait for that one special gifted student. We have got to moti- 
vate students. We have got to give them the self esteem. And what 
is it that we as teachers, as parents, and the community are doing 
to enhance this endeavor? I will throw it to anyone of you or all 
of you. 

Chairman Smith. I think we have to start with Dr. Wieman. 

Dr. Wieman. Put me on the spot. To try and give you very spe- 
cific things, I mean, you know, these are gigantic broad issues, and 
I think you have to tackle them at a very broad level. You can’t 
change K-12 unless you change the imdergraduate preparation of 
the teachers that are going to K through 12 at the same time. 

Mr. Baca. But if we need to change the K through 12 in terms 
of the curriculum that they develop, then that is the step that we 
have to, because remember, we have made it softer for success, and 
then we have the accountability, we have the standards. I mean, 
we put other divisions in that teachers now or the administrators 
change the whole curriculum because the whole idea is to have stu- 
dents succeed. So this way they get their funding and, also, teach- 
ers are retained. And that is the problem that we have is that you 
have good teachers, yet, a lot of these teachers are afraid at one 
point or another to have a failure system because we have the ac- 
countability, the standards that are there. So if we have to go back 
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and change it, we need to, but we shouldn’t punish the institutions 
as well for trying. 

Dr. WiEMAN. Yes. I certainly don’t disagree with that. 

Chairman Smith. We both supported the Math-Science Partner- 
ship Program that we passed out of the House that tries to get 
pretty much exactly at least part of that problem. Dr. Howard, did 
you have any 

Ms. Howaed. I think — ^well, the key to attracting people is to 
have well-trained scientists teaching high school and having people 
that are enthusiastic. And like, I mean, it seems it is obvious, but 
it is true. I mean, I think why I became a scientist was that I was 
well-trained in high school. I just went to a t)^ical public school 
in a suburb and had teachers who were excited and taught well 
and it turned me onto science. 

Mr. Baca. Did you have a curriculum to take at that time to gear 
you toward it? 

Ms. Howard. Yes. 

Mr. Baca. See, that is what the difference is. Other schools may 
not have that. You were lucky at where you were at, and so we 
have to measure our population in everyone of our schools. Now, 
if every school has the same opportunity, someone in the barrio, 
someone in the ghetto, someone somewhere else has the same cur- 
riculum that is offered there.- This isn’t about the schools in Holly- 
wood or Beverly Hills. I am talking about in San Bernardino, you 
know. Do they have the same kind of curriculum, the same oppor- 
tunities, and that makes a big difference, and that is what you had. 

Chairman Smith. And just let me comment. I think I agree with 
you that it is tremendously crucial to any success. We sort of 
geared this hearing to say, specifically, try to look at the commu- 
nity college/college level. Is there something we can do in that 
arena, but there is no question, I think we all agree, if you don t 
have that stock going into that community, that — Dr. Wubah, do 
you have a comment? 

Dr. Wubah. Yeah. I think once again I will go back on the path- 
way effect. It is not a pipeline. The pipeline is where someone gets 
out of it and comes back into it. If we look at the pathway, what 
we have here is an institution in which — in the comprehensive uni- 
versities, those that tend to be in the urban areas or even remote, 
the colleges of education are not separate from the disciplines. For 
example, at JMU we just created a new college of education. We 
didn’t have one. And we have a content and pedagogy academy, so 
you have the proof from the discipline working with the people who 
deliver the course. The teacher preparation is an integral part of 
what we do. In almost every state, one can identify the universities 
that produce the most teachers for K through 12. Those are the 
schools that at the moment I think we should start pa 5 dng atten- 
tion to. If those schools would produce the best teachers, then we 
would get students coming to college who are prepared, and that 
is something that I think is very, very important in this day and 
age. 

In addition to that, organizations such as BCAL have programs 
that CARE have programs that we basically caU the best practices. 
And some of these best practices are models that can be used in 
almost every institution. In those organizations, we have schools 
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from the suburbs, we have schools from downtown, and those 
schools have models that can be used, so we can work with those 
organizations for them to provide us with models that can be 
spread throughout the Nation. 

Chairman Smith. Dr. Johnson. 

Dr. Johnson. I have two words, fun and fragments. First of all, 
fun. I really believe that we have the capability of making science 
and mathematics education fun for our students and engaging, but 
we don’t do it except in special programs that students really love 
and they really get engaged in, but it needs to be fun and engag- 
ing. And I thi^ that is a key word, I really do. I think it is a key 
word. The second one, fragments. Our system, our K through 12 
system, is fragmented from our large community college system in 
many respects, which is fragmented from the senior institutions. I 
mean, there are so many disconnects. I don’t have an answer, but 
I certainly can define the problem as a problem of fun and dis- 
connects. 

Dr. Davidson. If we knew the answer, we would have done it. 
Right? So I think that one of the things we need to do is try lots 
of ideas. We need to be real flexible. I would also say, and I am 
speaking out of my expertise, so I will talk louder, I guess. That 
one of the things in high schools that we need to do is we all recog- 
nize good teaching coimts, and I think we have to reward good 
teaching, and I fear that that does not really happen in K through 
12 . 

Chairman Smith. Let me — back to the student that comes in 
from the high school that is interested in math and science that 
starts out, how many of those people are we losing that first or sec- 
ond year? Dr. Wieman. 

Dr. Wieman. So there have actually been studies on this, one 
fairly major study, and we lose an enormous fraction. 

Chairman Smith. So make part of the answer what do we do 
about it. 

Dr. Wieman. An5rway, I will just we lose far more than other dis- 
ciplines do, and I think it is clearly the issue of the way our under- 
graduate science and math courses are taught, and they aren’t 
taught to keep all those students. They are taught, in large part, 
to develop to winnow out a few specif ones. And so we have to 
have clear incentives to our institution to think about restructuring 
those by-and-large large introductory courses to really provide clear 
incentives to keeping and building, bringing in more students, not 
dropping them off along the way. 

Chairman Smith. So the fun is probably less, but should we still 
make it fun that first year in college? 

Dr. Wieman. Absolutely. 

Chairman Smith. This is the expand to Dr. Howard and every- 
body else responding to this one. This is reading month, so I go 
aroimd to the elementary schools and read Dr. Seuss and say, look, 
reading is important. That is the equalizer is education, etcetera. 
The new program that a lot of schools are doing is sort of a one- 
on-one where they see a weakness, an at risk child in kindergarten 
or 1st grade, then they try to do a one-on-one to bring that indi- 
vidual up so that they aren’t progressively worse off. Do we do any- 
thing like that in colleges? Do we look at some of those people that 
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might be overwhelmed, depending on what high school they came 
to and what college they came to, to reach out and try to say, look, 
let us try to bring you along and help you catch up? Because the 
tendency, of course, is boy, if you don’t want to study, go someplace 
else. Dr. Howard. 

Ms. Howard. Yes. We try to do that at Swathmore, so we start, 
our first course in the chemistry curriculum has about 120 stu- 
dents in it and we end up with about 15 to 20 majors at the end. 
That sounds worse than it is because a lot of people take first year 
chemistry because they want to be a bio major or an engineer and 
it is a requirement for many things. But we feel that we are losing 
majors that perhaps are overwhelmed in that first course. So what 
we have decided to do is instead of making our t 5 rpically, the big 
classes are the beginning ones. You start with a big lecture and 
then you get smaller as you go upward. So we decided to switch 
that and we are going to change our first year general chemistry 
class to be seminar style with no more than 12 students. And the 
idea is when you have a small class, it is hard for students to fall 
through the cracks. It is much more obvious who is struggling and 
to get more attention. So it is a problem in our curriculum because 
we are taking faculty out of the upper level courses, but we have 
decided that it is worth the risk to try to encourage those few peo- 
ple that seem to be sliding out. 

Chairman Smith. Dr. Johnson. Especially in math and science, 
you get a little bit behind and it is so easy to get overwhelmed is 
my experience. 

Dr. Johnson. Chairman Smith, what you just described, the sup- 
port systems, the intervention systems, you have just described 
American Community College and you have also described the pri- 
vate liberal arts colleges that are focused on teaching and learning. 
That is a description of those. TOat you are not describing, prob- 
ably, are the large research institutions. 

Dr. WUBAH. But in addition to that, the comprehensive institu- 
tions also face immediate challenge because we have a faculty-stu- 
dent ratio that goes all the way from 15 to 1, to 20 to 1, so you 
have a department with about 500 class majors and maybe 20 fac- 
ility members. It becomes an immediate problem when it comes to 
advising these students. These support structures, normally, on the 
comprehensive campus can’t be easily provided because we don’t 
have the manpower to do it. One way that, currently, some schools 
are trying to do, and at James Madison we have tried this, is, basi- 
cally, to have group advising, group mentoring, where we have peer 
mentoring in addition to faculty mentoring the students. This is 
very, very important because the faculty to student ratio which one 
needs to be able to carry out what Dr. Howard just said is virtually 
impossible on the comprehensive campus. And on these campuses, 
you have more students who may be the B/C students who nor- 
mally just need a slight push to become an A student. They tend 
to fall through the cracks. Students at places like Swathmore are 
already motivated, they are A students. But we are losing a large 
number of students who are at the cusp of B/C and those are the 
ones that we really need to focus on if we want to get more people 
in science and mathematics. 
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Chairman Smith. Dr. Davidson, did you have a comment? Give 
me a guess what percentage drop out in the first two years that 
start math and science and then— ^io you think i of them? 

Dr. WiEMAN. Eighty percent. 

Chairman Smith. Eighty percent decide to switch their majors to 
political science or some other endeavor that looks easier? 

Dr. WiEMAN. That is from physical science. 

Dr. Davidson. That is not true at Tech. We do lose — I think ev- 
erybody has pretty much the same experience as far as retention. 
You lose about half, again, every year as you had in the first year, 
as far as leaving a university. 

Chairman Smith. But math and science as opposed to other dis- 
ciplines. 

Dr. Davidson. Well, our experience, of course, is that people who 
come to Georgia Tech come because they are interested in technical 
education, so we lose a lot less than 

Chairman Smith. Thank you. Mr. Honda. 

Mr. Honda. Thank you, Mr. Chairman. I apologize for missing 
a lot of the testimony, but I sense that there was a lot of conversa- 
tion on how to recruit and retain students in the math and science 
through the programs you are suggesting. And I guess the question 
I have is the instructional team that you are suggesting — ^you men- 
tioned you reversed the class size, which I think is a good idea. Is 
there a lot of attention paid to the professors and teaching them 
how to teach, because I think the assumption is that because they 
are professors, that they know how to teach. That is number one. 

Number two, if you are looking at students that are coming in 
first and second year, the barriers that they face are varied. Some 
are well prepared, others aren’t. And in retention, it is about hold- 
ing their interest, by about achieving well maybe the first year. I 
graduated with a biological science major. The first four semesters 
I was on academic probation. And what I found out, just upon re- 
flection, was the sense of being important, the sense of being there, 
and that, you know, my presence was important to the professor 
and to the system, because a lot of times the institution is larger 
than anyone has ever experienced. So adjusting the orientation is 
probably very keen, and because of one professor. Dr. Charles 
Smith, who taught biology, he mentioned my name on campus in 
daylight, and all of a sudden, I felt part of that campus again. And 
it is about understanding what our role is as professors with those 
students. And then the role of the students, vmderstanding what 
their strengths and witnesses are and being able to grow in that, 
to become competent and successful in the area of science, and get 
in touch with this so they can go back to the K-12 and teach as 
they are going to. Are there ways that you can sort of incorporate 
people’s own experiences, improving the teaching staff, and then 
loolang at creative ways of moving class sizes, which I think is 
great? Is there any response to that? 

Dr. Johnson. At Sinclair Community College, we have a new ini- 
tiative to address the question can professors teach or do they 
know about teaching just by virtue of the fact that they have an 
advanced degree in a field or discipline. The answer is, of course 
no. They don’t come with, necessarily, an innate ability. So we are 
moving to implement a project we call LENS that de^s with how 
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to teach, how to manage a classroom, how to assess learning at two 
or three different levels. And so it is something that we are con- 
sciously working on and consciously doing. 

Dr. WuBAH. With regards to preparing faculty to teach, there are 
programs out that — Preparing Future Faculty, for example, which 
is, basically, designed to train those who are going to the academy. 
But in ad^tion to that, there are programs that are designed on 
certain campuses to prepare teaching assistants before the output 
in the classroom. For example, at James Madison, we have a small 
Master’s program in biology. And when we have a first year grad- 
uate student, we don’t let them go to the class to teach unless they 
take two classes in how to teach. So in their first two semesters 
they have to take a class in teaching. Then in the second year we 
leave them in the classroom to be the teachers. And that is some- 
thing that the graduate schools might consider. We put it into our 
program because we were concerned about the ability of someone 
who had just graduated with a baccalaureate teaching another stu- 
dent. So I think that definitely will help if there are programs that 
will help these students, those who are in the graduate school, 
learn how to teach before they become teachers. 

Dr. Davidson. We certainly have intervention programs, and I 
think most people do to deal with people who are struggling teach- 
ing. But I would say that my experience is that the people who 
come to teach in colleges and universities are all there because 
they enjoy interaction with young people and that they really care 
about being teachers. They care about being good teachers. The last 
three out of the last four semesters, I have sat in informal discus- 
sions looking at teaching techs, how to teach engineering, what are 
methods to use, discussing different methods, that were inform^ly 
arranged by people who teach, in one case, thermodjmamics, which 
I teach, and so I think there is a real commitment on the part of 
the faculty to make themselves better teachers. 

Mr. Honda. Mr. Chair, if I may? I understand that folks who are 
in the institution of instruction like people, but that doesn’t mean 
that you are skillful in teaching concepts or teaching content, and 
each one requires different kinds of approaches besides just moni- 
toring. It is an acquired skill. I am not talking about their charac- 
teristics of why they are there. It is about skills building in the in- 
structional staff. 

Dr. Davidson. I agree with you, but I think that — my point is 
that my experience is that faculty realize that they need more 
skills, they need to develop their skills in teaching, and they actu- 
ally work at that. 

Mr. Honda. Okay. It is just the difference between a planned ap- 
proach versus serendipity. Thank you. 

Chairman Smith. Mr. Akin. 

Mr. Akin. I survived thermodynamics, though. 

Chairman Smith. Well, certainly, part of it has got to be some- 
body that is a little motivational and my impression is that once 
you get to the college, or university, or community college level, 
that quite often you have an expert that might be a qualified sci- 
entist, or biologist, or chemist, but they are not a teacher. Because 
traditionally, we have thought, you know, we teach in K through 
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12, and after that, here is the information. If you want to learn it, 
fine. Dr. Wieman. 

Dr. Wieman. Yes. I mean, I would actually disagree with that. 
I think that throughout the large research imiversities teaching, 
especially, in mathematics and science disciplines, has taken on a 
much larger role, much larger importance. Tliere is still a very un- 
clear issue as to what you are learning to teach and what the fimc- 
tion of that is. And so that is where there is a considerable prob- 
lem, frankly. And I would also sort of add that on this level, both 
of you have mentioned this kind of personal individual faculty-stu- 
dent contact. It is clear that that is enormously important, and I 
have done a lot of work in physics, seeing how profoxindly that in- 
fluences students. But you have got to turn around and look at the 
fact that, you know, at a place like University of Michigan or Uni- 
versity of Colorado, if you are going to provide the opportunities for 
that, that you have at a school like Swathmore, you are going to 
have to spend two or three times as much money on those institu- 
tions. It just — I think you have got to find new ways and maybe 
that is one thing the NSF cold look at, new ways to have that land 
of impact in a sort of cost efficient way, because you can’t afford 
to just triple the number of faculty, which is the easy way. 

Chairman Smith. You wanted to comment on that. Dr. Johnson? 

Dr. Johnson. I sure do. Thank you. At least in undergraduate 
education, I disagree just a little bit with Dr. Wieman. Obviously, 
in graduate and upper division, that is true. But community col- 
leges have proven that for less than half the cost of, what the cost 
of a public university, they can provide teaching and learning and 
learner oriented education. So the cost does not have to double and 
triple. We have proven that you can reduce the cost by half, at 
least at the freshman and sophomore level, and also in the develop- 
ment level. 

Chairman Smith. Let me ask you a question. How about your in- 
dividual disciplines, the science and math, interacting with the 
schools of education where you have them in terms of ideas and 
suggestions of turning out better teachers that are going back into 
the K through 12 system with some of the feelings, or attitudes, 
or enthusiasm for the more technical science — do you interact with 
the departments of education? Is there interaction? 

Dr. WUBAH. Yes. As I mentioned earlier, at James Madison we 
just created the college of education, and as part of the structure 
of that college, we are going to have faculty from the content based 
areas, from the science and mathematics, liberal arts, being part 
of this structure of the college of education. So in this case, we are 
going to work with them not only in the pedagogy, that is teaching 
them the skills and how to teach by the content that needs to be 
taught. So students would have to be able to meet that, but there 
are some impediments in doing so. For example, in chemistry, cur- 
rently, students who want to be chemistry teachers, that is K 
through 12, would have to be a scholar major in chemistry and 
education. So this keeps, you know — there are students who would 
like to do that, but they would prevent — ^you know, they will avoid 
doing that. So those are issues, they are systemic issues, that need 
to be addressed, and this involves talking between the different dis- 
ciplines and seeing the teachers as part of who prepared the raw 
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materials that does affect the discipline that we will be using, that 
we will be working with. And that I don’t think currently exists on 
most campuses. But we are fortunate to have it because we are — 
in our administration, we are basically breaking boundaries. So we 
don’t have infrastructures where departments exist. We have a 
fluid system and that is one thing that is needed in the emerging 
number of colleges and universities. 

Chairman Smith. Mr. Honda, did you have any additional ques- 
tions? 

Mr. Honda. No. I think that is a very critical arena, where the 
very pedagogy and instruction needs to look at themselves and say, 
as a vice principal of a middle school, you know, they have a lot 
of problems. And one of these we foimd was that it was so compart- 
mentalized that the total learning experience was lost just because 
the instructional areas that they were concerned about. And to 
yourself. Dr. Wieman, yes, I think there is a distinction between 
graduate and postgraduate work versus community college in the 
first couple years of general education, where the integration of ca- 
reer decisions and instruction become a critical part of our — ^what 
we do. 

I stuck with biology because political science had small letters, 
and the books were too thick, and there were no visuals in there, 
and biology had more visuals, and I foimd out I was a multi-faceted 
learner, but that is after it is all done. So Mr. Chair, thank you 
very much. 

Chairman Smith. Well, we wiU let you go. Again, thank you all 
very much. But what I would like to do is maybe each, in about 
one minute, anything else that you suggest — ^we used to have the 
Young Scholar Program at NSF where we brought in people from 
high schools into the research area. Is there any other things that 
you think Congress should be thinking of, looking at, in terms of 
improving our efforts in science and math education? And let us 
start from the middle. Dr. Wubah. 

Dr. Wubah. Okay. In sum, what I would say is the NSF should 
put emphasis on programs that require or involve mentorship, and 
this mentorship sho^d not be only between the faculty and the 
student body, with peer mentorship, and this, in most cases, should 
be linked to K through 12. So such programs are very important, 
and we shouldn’t be thinking of pipeline, but pathway. That is 
something that currently — the current system is built for pipeline. 
Once you get out of it, it is very difficult to come back into it. And 
if NSF can think that way, the pathway, and provide opportunities 
for people to come back once they leave the system, that will help. 

Chairman Smith. Dr. Johnson. We have got about $4 billion here 
and another $16 billion over in education so 

Dr. Johnson. We will take it. Thank you. Sir, if you want to go 
to where the imdergraduates are, especially, in their first couple of 
years of college where it is very, very critical, America’s community 
colleges need and deserve better equipment. They need and deserve 
your attention. They need and deserve a voice and your consider- 
ation. If you want to go where women are beginning college, where 
minorities are beginning college, then you would look to America s 
community colleges. I really appreciate the time. Thank you. 

Chairman Smith. Dr. Howard. 
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Ms. Howard. Well, undergraduate institutions have been pretty 
successful at generating Ph.D.’s, and I think anything that NSF 
can do to support our ability to do good undergraduate research by 
providing instrumentation, and faculty support, and student sup- 
port would be very fniitful. 

Chairman Smith. By instrumentation, do you mean equipment, 
facilities? 

Ms. Howard. Yes, because in order to have a lab intensive and 
research intensive curriculum, we need equipment that is not just, 
you know, a demonstration, but something that we can do real 
work on it and create high quality results. 

Chairman Smith. Dr. Davidson. 

Dr. Davidson. My experience with NSF is that they are pretty 
sensitive to getting these issues in their research budgets. The 
REU, for example, in support with their research experience for 
undergraduates and normal grants. Like I said, the centers push 
taking that information and putting into the classroom, and I think 
they are sensitive. I would just encourage that those programs be 
grown. The REU program is a wonderful program and I would en- 
courage that that receive more money. 

The other thing is just basic research, doing basic research. We 
rely on the NSF, and that basic research involves a whole commu- 
nity, undergraduates as well. It is very effective in drawing people 
into science and technology. 

Chairman Smith. We are looking at expanding as best we can 
not only the stipends and the grant level but, also, where we can, 
expanding it to three years. Dr. Wieman. 

Dr. Wieman. I would say, you know, looking for opportunities 
where one can really provide clear incentives for — again, I am 
speaking for large research universities — at the department level, 
where departments really define the educational programs. Look- 
ing for incentives that can be provided to one, dramatically improv- 
ing the education and with particular emphasis on making it much 
broader, much more inclusive. I think that is what I would say 
have the most direct impact. 

Chairman Smith. Again, thank you all very much. The record 
will remain open for the next five working days in case staff would 
like to ask you a particular question, if you would be so considerate 
to respond in writing. And with that, this Committee is adjourned. 

[Whereupon, at 12:20 p.m., the Subcommittee was adjourned.] 
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Prepared Statement of Dr. K Elaine Hoagland 



Federal Support of Undergraduate Education in Science 
and Technology: Using the Undergraduate Research Model 

by dr. K. ELAINE HOAGLAND, NATIONAL EXECUTIVE OFFICER 

On behalf of The Council on Undergraduate Research, 734 15th St, NW, Suite 550, 
Washington, DC 20005; www.cur.org 

The Council on Undergraduate Research (CUR) and its affiliated colleges, univer- 
sities, corporate members, and individuals in nearly every state in the umon share 
a focus on providing undergraduate research opportunities for faculty ^d studente, 
especially those at predominantly undergraduate institutions. The mission of the 
Council on Undergraduate Research is to support and promote hig^uahty uncter- 
graduate student-iaculty collaborative research and scholarship. CUR believes that 
faculty members enhance their teaching and contribution to society by remai n i n g 
active in research and by involving undergraduates in research. CUR’s leadership 
works with agencies and foundations to enhance research ojmortunities for faculty 
and students. Our publications and outreach activities are designed to share suc- 
cessful models and strategies for establishing and institutionalizing undergraduate 
research and related programs. We assist administrators and faculty meters m 
improving and assessing the research environment at their institutions. CUR also 
provides information on the importance of undergraduate research to policy-makers 
including college trustees and public officials. • j j u 

The Council on Undergraduate Research appreciates the opportumty provided by 
the Subcommittee to participation in the national dialogue concerning under- 
graduate education in science, technology, enMeering, and mathematics. 

The U.S. science, engineering, and technolo^ enterprise enjoys a premier place 
in the world because of the close relationship between education, research, and en- 
trepreneurship. The keys to our system’s strength include DIVERSITY in the kinds 
of institutions (public and private) that deliver education; DIVERSITY in the ap- 
proaches to science ed ucat ion in our 50 states; DEDICATION of many fine scientists 
and educators; and INTEGRATION of research and education at the college level. 
Federal support for research and science education is a mmor element in oi^ suc- 
cess In recent years, federal programs have been initiated that seek to reinvigorate 
K-12 education, including the President’s Math-Science Partnerships and National 
Science Foundation programs that use the talents and enthusiasm of university sci- 
entists and graduate students in the classroom amd in teacher training. NSF hopes 
to increase the size of graduate fellowshms in its 2003 budget, and efforts ^e un- 
derway to improve the teaching skills of the next generation of collep professors 
through Preparing Future FaciSty, funded by a combination of federal and private 

dollars. i. 

Now that programs are underway for K-12 and graduate students, the Congres- 
sional agenda for 2002-2003 rightly fociues on the undei^rad^te level of 
science and technology education. This is often the choke point in the science 
pipeline. Many students drop out of science courses because education at the under- 
graduate level too often treats science only as something to be memorized rather 
than something alive, personal, and full of creative potential. Too many studer^s 
never see science education as relevant to them, and they leave school without the 
tools to understand much of the modem world. 

S. 1549/H.R. 3130, the “Technology Talent Act,’" seeks to increase the numter 
of U.S. students studying science, technology, engineering, and mathematics, ^e 
legislation authorizes the National Science Foundation to establish a demonsteahon 
program that supports grants to undergraduate programs. Support is pressed to 
projects that emphasize mentored undergraduate research and emerientim learning 
of all kinds, including industrial and governmental internships. Thus the legislation 
encourages science and technology partnerships between government, colleges and 
universities, and local industries to provide opportunities for young people to enter 
science and technology fields. Such incentives will help industries and scienhnc/ 
technological corporations to work with the educational system that will produce 
their workforce for this new century. CUR supports this legislation. We would like 
to suggest two additional elements: 

—Mentored undei^aduate research programs at the national laboratories 
and experiment stations, such as NASA’s Undergraduate Student Rese^ch 
Program (USRP) at the NASA Centers. The NASA program can be a model for 
federally funded programs at the other national laboratories. Alternatively, NSF 
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could be tasked with developing and administering a program in partners^p with 
the various national labs 8uid centers including DOE, USDA/ARS, EPA, and (^hers. 
There should be an opportunity for faculty and their students to come together to 
work at the National Labs, and then take research ideas back to their campuses 
for further work, as well as opportunities for students to go to the laboratories to 
work with federal scientists as mentors. An undergraduate research program for the 
national labs will increase public awareness of the scientific missions of the agencies 
8md improve the use of national labs as research and educational resources, as well 
as achieving the goal of entraining U.S. students in the STEM fields. 

— Development of a program at NSF that recognizes e xcell ent science and 
technology educational opportunities at our COMPREHENSIVE UNIVER- 
SITIES^ especially those that successfully integrate scientific research and 
education. These are the schools, often wittiin our state university systems, that 
train the majority of our K-12 science teachers and most of o\n students from 
under-represented groups. The size, high student to faculty ratio, high faculty teach- 
ing loads, limited budgets, and diversity of students reai^e creative means to reach 
students with investigative science learning tools including undergraduate research. 
Attached is a detailed proposal to develop a program at NSF in suMort of STEM 
education at the comprehensive universities. NSF has adready hefci competitions 
that recognize the importance of integrating research and education at research uni- 
versities and baccalaureate colleges and reward model progprams, but has thus far 
not focused similar attention on the comprehensive universities. 

We would be pleased to work with Congress to flesh out the details of such pro- 
grams. 
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An NSF Recognition Awards Program for the 
Integration of Research and Education at 
Comprehensive Universities 

A Proposal from the Council on Undergraduate Research 

K. ELAINE HOAGLAND, NATIONAL EXECUTIVE OFFICER 



Background 

The central mission of the Council on UnderOTaduate Research (CUR) is to pro- 
mote research by undergraduate students in all settings of science, mathematics, 
and engineering education (SMET) and to strengthen the research programs of fac- 
ulty in predominantly imdergraduate institutions. We believe that education is best 
served by faculty-student coflaborative research combined with investigative teach- 
ing strategies. We work with federal agendas, including NSF, to develop and main- 
tain research-based educational opportunities. 

In the past several years, NSF has held two competitions that speak to the heart 
of the CuR mission: ^cognition Awards for the Integration of Reseeirch and Edu- 
cation (RAIRE) and Awards for the Integration of Research and Education at Bacca- 
laureate Institutions (AIRE). Most of the AIRE award winners are CUR institutions, 
and we have helped them to disseminate their successes to the broader educational 
and research community. CUR congratulates NSF for making this opportunity 
available to (a) help good programs move to a higher level of achievement, and (b) 
provide avenues and funding for widespread dissemination and adaptation of suc- 

cessfid programs. . . . , „ • 

It was wise for NSF to divide the program by institutional type. Having run suc- 
cessful programs specifically for the research universities and the baccalaureate col- 
leges, it is now time for NSF to make this proCTam available to the third major type 
of American academic institution: the Comprehensive University. 



What is the Comprehensive University? 

Comprehensive universities are academic institutions that offer a full range of 
baccalaureate programs and that are committed to graduate education through the 
Master's Degree. Many of these institutions continue a tradition of educating sub- 
stantial numbers of the Nation's K- 12 teachers. However, today they have evolved 
into universities with a variety of constituents and programs. 

The majority of the Nation s students who are members of populations under-rep- 
resented in SMET — African Americans, Hispanics, recent immigrants, and non-tra- 
ditional students — attend comprehensive universities (see appendix). Most of our 
first generation college students attend comprehensive universities, as do women re- 
turning to school after having started families, and persons retunung to education 
after military service. Many comprehensive universities have a significant commuter 

population. , i. i i. i 

Comprehensive universities are generally much larger than baccalaureate col- 
leges, with student populations of about 4,000 to more than 30,000 students. They 
range in complexity from private umversities (e.g., Trinity University) to geographi- 
cally isolated public institutions (Angelo State University in Texas) to u^an cam- 
puses (California State University-Los Angeles; University of Michigan-Dearbom) 
and historically black universities (Morgan State). Many are members of large state 
systems (e.g., the La Crosse and Eau Claire campuses of the University of Wis- 
consin). 

These institutions have in common a need to educate students for local employ- 
ment, because many of their students are bound to the geographic area for financial 
and personal reasons. Many comprehensive universities have relatively low tmtion 
and less selective admission remiirements, thus providing opportunit 5 ^^for students 
who could not otherwise attend an institution of higher education. They t^d to 
have large class size, especially in introductory classes, compared with bacca- 
laureate colleges. In many states, their faculty are under pressure from adn^stra- 
tors and state legislators to maximize hours in the classroom, and to adopt dista^e 
learning, neither of which may be suitable for optimum student learning in SMET 



fields. 



Comprehensive universities have important strengths. They use their human di- 
versity to advantage in the educational process. Many of their faculty members are 
dedicated to both teaching and research. They are involved in research projects sup- 
ported by a full range of funding sources, including NSF, NIH, N-^A, and 
private agencies such as the W.M. Keck Foundation and the Howard Hughes Med- 
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ical Institute. Undergraduate research is alive and well at comprehensive univer- 
sities, many of which have student undergraduate research poster or presentation 
events. The quality of work exhibited at these events is fuUy competitive with that 
at other types of academic institutions. Many comprehensive universities have re- 
ceived highly competitive grants that focus on the quality and productivity of under- 
graduate research including NSF-Research at UnderCTaduate institutions and Beck- 
man Scholars awards. In fact, a true combination oi research and teaching is more 
likely to be the mission at comprehensive universities than at either research or 
baccalaureate institutions. 

The contribution comprehensive xiniversities make to the U.S. scientific workforce 
is substantial. More undergraduates are educated at comprehensive xiniversities 
(3.187 million) than any other category of academic institution except two-year col- 
leges. In the year 1995, comprehensive universities awarded over 31 percent of U.S. 
bachelor’s degrees in the sciences (NSB, Science and Engineering Indicators, 1998 
edition). The NSF/SRS Survey of Earned Doctorates revealed that 12,589 mdivid- 
uals who received doctoral degrees between 1991 and 1995 in SMET disciplines re- 
ceived their baccalaureate degrees from comprehensive xiniversities. This rep- 
resented more than 16 percent of the total science and engineering doctoral degrees 
awarded and was comparable to the productivity of baccalaxireate institutions (15 
percent) and surpassed that of doctoral institutions (11 percent). In some disciplines, 
the contribution of comprehensive xiniversities was greater; 23 percent of doctoral 
recipients in chemistry and 19 percent of those in the physical sciences, in general, 
earned their Bachelor’s degree from a comprehensive university. 

Comprehensive xiniversities are accustomed to being asked to “do it all” with lim- 
ited resoxirces. Faculty members often have research relationships within the local 
commxinity — local corporations, other academic institutions, or commxinity services 
organizations. Some students come to a comprehensive xiniversity with greater ma- 
txirity, and with a focused professional goal. Educational experimentation is an im- 
portant part of the teaching experience at a comprehensive xiniversity. In sum, the 
comprehensive xiniversity is a fundamental part of the American academic scene. 

The Purposes and Goals of an AIRE for Comprehensive Universities 

The AIRE gxiidelines for Baccalaxireate Institutes state: “It is critical that bacca- 
laureate institutions provide an xindergraduate experience that is rooted in inqxnry 
and discovery.” CUR woxild say that this is a critical need for ALL academic institu- 
tions. For research xiniversities, where the research element is strongly in place and 
well funded externally, this goal is met by beefing up the teaching component. In 
the premiere baccalaureate institutions, where small class size and individual atten- 
tion are already hallmarks of xindergraduate education, the goal is met by improv- 
ing xindergraduate access to research. It is no less important at comprehensive uni- 
versities to address this goal, and many schools already have done so with success 
by improving both elements together. Therefore the first pxirpose of an AIRE com- 
petition for comprehensive xiniversities is one of FAIRNESS. There is no rationale 
that CUR can see for leaving these institutions out. 

A second goal for a comprehensive xiniversity AIRE competition woxild be to reach 
out to xinder-represented groups. An AIRE for comprehensive xiniversities woxild not 
merely give lip service to broadening the scientific pipeline, bxit woxdd showcase in- 
stitutions that are using xindergraduate research and other investigative teaching 
strategies to entrain minorities and other xinder-represented groups in the sciences 
and engineering professions. 

A third goal for a comprehensive xiniversity AIRE program woxild be to facilitate 
SMET education for futxire K— 12 teachers. Most K— 12 teachers are educated at com- 
prehensive xiniversities; for example, the California State University system alone 
prepares 60 percent of California’s teachers and 10 percent of teachers credentialed 
nationwide. AIRE gxiidelines coxild be drafted to focus on pre- and in-service teacher 
training using investigative teaching methods and exposure to research. 

A foxirth goal woxild be to educate students in science and technolo^ who will re- 
main in their home commxinities and will not go on to advanced training. Many of 
those students will find technical and scientific jobs within the local workforce in 
the biotechnology, pharmaceutical, aerospace, computer science, health care, and 
other key fields. An AIRE for comprehensive xiniversities shoxild emphasize connec- 
tions with local industry to proviae internships, research experiences, and jobs for 
graduating students. A major goal woxild be to help xiniversities connect with their 
commxinities and to augment a much needed sector of the scientific workforce. 

Comprehensive xiniversities are a resoxirce for research on teaching and learning. 
AIRE awards to comprehensives might provide an opportxinity for a focus in this 
area. A key go^ of an AIRE for comprehensive xiniversities woxild be to demonstrate 
how research and education coxild be integrated when classes may be large (al- 
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though not as large as those typically found in research universities) and where 
many disadvantaged students find it difficult to succeed in demanffing introductory 
classes, particularly chemistry, calculus, and physics. These constraints must be met 
with special pedagogical skiU. Since faculty members from comprehensive univer- 
sities often have heavy teaching loads and little funding for travel to meetings, visi- 
ble role models are particularly important. Conversely, it is important that those 
who are successful get proper recognition for their work and have the opportunity 
to disseminate their successes. 

AIRE for Baccalaureate and Comprehensive Schools: What Is the Same? 

Much of the program guideline text for AIRE/baccalaureate iMtitutions could be 
apphed to the comprehensive schools — ^for example, the NSF vision statement for 
the future and the characteristics that mark academic institutions that are com- 
mitted to the integration of research and education. It would be a mistake to set 
the bar lower for comprehensive universities, or to think that research, to be good, 
must be done somewhere else. We need to build research and educational infrastruc- 
ture right within the comprehensive universities and their co mm u ni ties, not in some 
distant [and eUte] environment. We need to reward the best programs of their kind 
now, just as was done for the other types of schools. We should celebrate the 
progress that is being made, regardless oi the type of academic institution and its 
constraints. 

Conclusion 

The challenges of combining research and education at comprehensive universities 
are different from those at either baccalaureate or research institutions. This is the 
reason for establishing separate competitions and not ignoring these schools that 
educate a majority of American imdergraduates. Indeed, the lower national recogni- 
tion level for success at comprehensive universities is all the more reason why NSF 
should focus on these institutions now, to encourage further success. We urge that 
Congress help NSF institute an AIRE-like pro^am for comprehensive universities. 
CUR is willing to provide backgroimd information on the types of successes that we 
see in these schools, as well as their special needs. 




109 



105 



Appendix 

Ethnic Distribution of Students: What is the Contribution of 
Comprehensive Universities to training Students from 
Under-represented Groups in STEM? 

Data were extracted by Don Coan of Cal State Long Beach (2000, personal com- 
munication) from 1997 IPEDS Survey data, and reworked by E. Hoagland to cal- 
culate the percentages shown below. 

The foUowing data were calculated based upon a table of the number of students 
attending research universities, comprehensive universities, and liberal arts colleges 
(using the 2000 Carnegie classification scheme). Students were subdivided by sex 
and by ethnic group (Black Non-Hispanic, Native American, Asian, Hispanic, White, 
and Unknown). For the purposes of these calculations, the unknown category was 
ignored. 

Comprehensive Universities contain the following percentages of the total number of 
ethnically-identified students: 





Men 


Women 


Both Sexes 


Black Non-Hispanic 


52% 


56% 


55% 


Hispanic 


53% 


56% 


55% 


Native American 


48% 


52% 


50% 


White 


41% 


47% 


45% 


Asian 


34% 


36% 


35% 


Total student body 


43% 


49% 


46% 



Percentage of today’s undergraduate students who are female: 56% 

Percentage of today's undergraduate students who attend: 

Research Universities 38% 

Comprehensive Universities 46% 

Baccalaureate Colleges 16% 

These numbers demonstrate that opportunities denied to comprehensive univer- 
sities are being denied to slightly less than half of today’s undergraduates. The loss 
of opportunity disproportionately affects women, blacks, and Hispanics, all of whom 
are over-represented at comprehensive universities. While 46 percent of the overall 
undergraduate student body attends comprehensive schools, 49 percent of women, 
55 percent of blacks and Hispanics, and 50 percent of Native Americans do so. 

Asians, on the other hand, are under-represented at comprehensive universities 
(35 percent) and over-represented at research universities. 57 percent of Asian stu- 
dents, 26 percent of blacks, 36 percent of Native Americans, 36 percent of Hispanics, 
and 39 percent of whites attend research universities. 

These numbers do not include two-year colleges, trade schools, and colleges in 
Carnegie categories other than those described above. 
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